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LETTEK 

OF 

THE  SECRETARY  OF  THE  TREASURY, 

ACCOMPANYINQ 

THE  REPORT  OF  THE  SUPERINTENDENT  OF  THE  UNITED  STATES  COAST  SURVEY 

FOR  THE  YEAR  ENDING  JUNE  30, 1876. 


Dbceubsb  21,  1876. — Ordered  to  lie  on  the  table  and  be  printed. 


Tmiasttbt  Depabtment,  December  19, 1876. 

SiK :  I  have  the  honor  to  present  for  the  information  of  the  Senate  a  report  made  to  the  depart- 
menli  by  OarUle  P.  Patterson,  Superintendent  of  the  United  States  Coast  Survey,  stating  the  prog¬ 
ress  in  thnt  work  daring  the  year  ending  June  30, 1876. 

Very  respectftilly, 

L.  M.  MORRILL, 
Secretary  of  the  Treasury. 

Son.  T.  W.  Febbt, 

PresideKt  of  the  United  States  Senate. 
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pp.  59,  60 ;  erection  of  tido-gaugo  at  Sandy  Hook  under  supervision 
of,  pp.  24,  25;  method  of  recording  tidal  observations  by  (see 
Appendix  No.  8).  pp.  130-142. 

A  ZIMUTH.  At  Croydon  Mountain,  N.  H.,  p.  15 ;  at  Beacon  Hill,  N. 
J.,  pp.  22,23;  at  Lynchburg,  Va.,  p.  30;  at  Sand  Island  Station, 
N.  C.,  p.  32;  at  Bluff  Station,  Fla.,  p.  36  ;  observations  at  Arguello 
Station,  p.  53 ;  computations  at  varions  stations  for,  p.  62. 

B. 

BABYLON,  LONG  ISLAND,  pp.  1,  23,  24. 

BACHE  (steamer).  Use  of,  in  Section  I,  p.  17  ;  in  Section  VI,  p.  36. 
BACHE,  C.  M.,  ASSISTANT.  Topography  of  coast  of  New  Jer¬ 
sey,  p.  25. 

BACHE,  G.  M.  (schooner).  Use  of,  in  Section  I,  p.  13;  in  Section 
V,  pp.  33,  34  ;  in  Section  VI,  p.  39. 

BACHE,  H.  W.,  SUBASSISTANT.  Services  in  Section  I,  p.  12. 
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BACHE,  R.  M.,  ASSISTANT.  Topography  north  of  New  Haven, 
p.  19. 

BAEYER.  Lieutenant-General,  and  Director  of  Royal  Prussian  Sur- 
'■ey.  PP- 

BAFFIN’S  BAT.  Branch  of  I^iguna  Madre,  Tex.,  pp.  48,  49. 
BAGADUCE  RIVER,  ME.  Topography  of,  p.  13. 

BAHIA  ONA,  CAL.  Large  bank  mnning  from  the  shore  through 
the  middle  of,  p.  51. 

BAKE  OVEN  KNOB.  An  elevation  of  the  Blue  Ridge,  Va.,  p.  20. 
BALANCE-WHEEL  CLOCKS.  Use  of,  at  tidal  stations,  p.  59. 
BALD  LEDGE,  N.  H.,  p.  15. 

BALLAST  POINT,  HILLSBORO’  BAY,  FLA.,  p.  39. 
BALTIMORE,  MD.  The  schooner  G.  M.  Bache  refitted  at,  pp.  13.  . 

34 ;  preservation  and  improvement  of  the  harl>or  of,  p.  28. 
BALTIMORE  AND  POTOMAC  RAILROAD,  p.  29.  i 

BALTIMORE,  VT.  Triangulation  station,  p.  15.  I 

BANANA  CREEK.  Branch  of  Indian  River,  Fla.,  p.  37.  | 

B  ANFORD,  J.  W.  In  charge  of  tide-gauge  at  neck  of  Sandy  Hook, 
p.  25. 

BARATARIA  BAT,  LA.,  p.  2;  triangulation  of,  p.  45. 
BARATARIA  (steamer).  Use  of,  in  Section  VIII,  p.  45. 
BARBOURVILLE,  KNOX  COUNTY,  KY.,  p.  42. 

BARKER,  JOHN  R.,  DRAUGHTSMAN.  Sketches  of  Passama- 
quoddy  Bay,  p.  14  ,-  of  Block  Island,  p.  20 ;  views  on  the  Hudson* 

p.  21. 

BARNEGAT  BAT.  Topography  of.  p.  1 :  estimate  for  engraving 
chart  of,  p.  4 ;  survey  at  north  end  of,  p.  25. 

BARNSTABLE  BAY,  p.  17. 

BARTLE,  R.  F.  Engraving  Division,  Coast  Survey  Office,  p.  63. 
BASSERI,  CAPTAIN.  Peiidnlum-observ^ations  at  Kew  Observa¬ 
tory,  p.  7. 

BASSETT,  R.  T.  Tidal  observations  at  Governor’s  Island,  p.  22. 
BASS  HARBOR,  ME.,  view  of,  p.  14. 

BASS  RIVER,  position  of  light  determined,  p.  18. 

BATON  ROUGE  (Coast  Survey  steamer).  Use  of  in  Section  VIII, 
p.  46. 

BATTERY  POINT,  PUGET  SOUND,  W.  T.,  p.  58. 

BAYLOR,  J.  B.,  AID.  Services  in  Section  11,  pp.  22,  23 ;  in  Section 
IV,  p.  32 ;  in  Computing  Division,  pp.  60,  62. 

BAY  RIDGE,  NEST  YORK  HARBOR,  p.  21. 

BAYS,  ETC.,  OF  COAST  OP  CALIFORNIA.  SecHon  X,  pp.  49- 
57;  of  Oregon  and  Washington  Territory.  Section  XI,  pp.  57-59; 
and  rivers  of  Atlantic  coast.  Sections  I,  II,  III,  pp.  11-31 ;  and 
rivers  of  Gulf  coast  of  Western  Louisiana  and  Texas,  Section  IX, 
pp.  47-49. 

BEACON  HILL,  N.  J.,  p.  1 ;  primary  station  in  vicinity  of  New 
York  Harbor,  p.  22 ;  latitude  and  azimuth  at,  p.  23. 

BEAUFORT,  N.  C.,  p.  32. 

BELFAST  BAY,  ME.  View  of,  p.  14. 

BELKNAP,  CAPTAIN,  U.  S.  N.  Cylinder  for  deep-sea  sounding 
devised  by,  p.  43. 

BERKLEY,  MASS.,  p.  18. 

BERLIN.  Pendulum-observations  at,  by  Assistant  C.  S.  Peirce, 
pp.  6,  9 ;  the  observatory  at,  p.  7. 

BESSEL,  FRIEDRICH  WILHELM.  Prussian  astronomer,  refer¬ 
ence  to,  pp.  6,  7,  8. 

BIBB  (schooner).  Use  of,  in  Section  VIIT,  p.  45;  in  Seotion  IX,  pp. 
47,  48. 

BIG  SARASOTA  PASS,  FLA.,  p.  89. 

BINARY  ARITHMETIC.  A  new  system  of.  Appendix  No.  6,  pp. 
81-82. 

BIOT,  JEAN  BAPTISTE.  French  physicist,  reference  to,  p.  6. 
BISHOP  AND  CLERKS  SHOAL,  off  Hyannis.  Position  of  light 
determined,  p.  18. 

BLACK  ISLAND,  ME.  Position  determined,  p.  12. 

BLAIR,  H.  W.,  AID.  Services  in  Section  V,  p.  35. 

BLAKE  (steamer).  Use  of,  in  Section  I,  pp.  11,  12, ;  in  Section  VIII, 
p.  42. 

BLAKELEY  ROCKS.  ADMIRALTY  INLET,  W.  T.,  p.  58. 
BLASKOWITZ,  CHARLES.  Reference  to  his  survey  of  Plymouth 
Harbor  in  1774,  p.  16. 

BLOCK  ISLAND.  Position  of  light  determined,  p.  18. 

BLOCK  ISLAND  SOUND.  Views  of,  p.  20. 

BLOOD  MOUNTAIN,  NORTHERN  GEORGIA,  pp.  34,  61. 

BLUE  HILL  BAY,  ME.,  p.  1 ;  estimate  for  survey  of,  p.  4 ;  topog¬ 
raphy  of,  pp.  12,  13 ;  view  of,  p.  14. 


BLUE  HILL  VILLAGE,  p.  12. 

BLUE  RIDGE,  VA.  Triangulation  near,  pp.  1,  29,  30,  34,  62;  esti¬ 
mates  for  said  work,  p.  3 ; - PENN.  Triangulation  near,  p.  26. 

BLUFF  STATION,  FLA.  On  Saint  Jolm’s  River,  pp.  36.  61. 
BLUNT’S  CANAL,  p.  2;  survey  near,  p.  31. 

BODEGA  HEAD,  CAL.  Triangulation  between  Fort.  Ross  and, 
p.  2;  estimate,  p.  5;  coast  topography  north  of,  p.  55;  comparison 
of  the  metliods  of  determining  heights  by  means  of  leveling,  verti¬ 
cal  angles,  and  barometric  measures.  Appendix,  No.  16,  pp.  338- 
354. 

BODEGA  HILL.  Triangulation  station,  p.  56. 

BODELL,  W.  J.  Tidal  observ  ations  at  Old  Point  Comfort,  Va.,  p.  28. 
BODIE  S  ISLAND  BASE  LINE,  p.  32. 

BOGUE  SOUND.  N.  C.  E.stiinate  for  survey  of,  p.  3. 
BOHNENBERGER.  Inventor  of  the  convertible  pendnliun,  p.  7. 
BOND,  W.  S.,  AID.  Services  in  Section  VII,  p.  40. 

BONNET  CARRE  CREVASSE,  p.  2;  survey  above  apd  through  it, 
p.  46. 

BORDA.  Reference  to,  pp.  6,  9. 

BOSTON  HARBOR.  Publication  of  second  volume  of  Atlantic 
Coast  Pilot,  from  New  York  entrance  to,  pp.  2,  14,  21. 

BOSTON  NAVY  YARD.  Tidal  observations,  pp.  16,  60;  heating 
apparatus  intiodue^-d  into  tide-house,  p.  59. 

BOTTLE  CHANNEL,  GEORGETOWN  BAR,  S.  C.,  p.  33. 
BOUNDARY  LINE,  between  Maryland  and  Virginia,  pp.  28,  29. 
BOUTELLE,  C.  O.,  ASSISTANT.  Pi-imary  triangulation  in  South 
Carolina  and  Georgia,  pp.  34,  35. 

BOUTELLE,  J.  B.,  AID.  Services  in  Section  V,  p.  35. 

BOVIDO,  ARM  OF  BAFFIN’S  BAY,  TEX.  Rocks  reported  in, 
p.  49. 

BOWLEGS  POINT,  FLA.,  p.  2;  triangulation  near.  p.  40. 

BOWSER,  PROFESSOR  E.  A.  Triangulation  in  New  Jersey,  p.  25. 
BOX  HILL,  p.  19. 

BOYD,  C.  H.,  ASSISTANT.  Survey  of  the  Mississippi  River,  pp. 
46,  47. 

BRADBURY,  BION,  AID.  Services  in  Section  I,  p.  18 ;  in  Section 
VIII,  p.  46. 

BRADBITRY,  C.  A.,  LIEUTENANT,  U.  S.  N.  Services  on  coast 
of  Maine,  p.  14;  in  New  York  Harbor  and  on  the  Southern  coast, 
p.  20;  hydrography  of  Key  Biscayue  Bay,  Fla.,  pp.  37,  38;  aid 
rendered  the  district  attorney  of  sonthem  district  of  Florida  In  se¬ 
curing  prisoners,  p.  38. 

BRADBURY  ISLAND,  ME.,  p.  13. 

BRADIXIRD,  GERSHOM,  ASSISTANT.  Currents  of  San  Fran¬ 
cisco  Bay,  p.  54. 

BRADFORD,  J.  S.,  ASSISTANT.  Compilation  of  sailing-diret^tions 
for  second  volume  of  ('oast  Pilot,  pp.  14,  20,  21 ;  assigned  to  charge 
of  Engraving  Division,  pp.  21,  63. 

BRAID,  ANDREW,  SUBASSISTANT.  Services  in  Section  VIH, 
pp.  44,  45. 

BRANDON  STATION,  ALA.,  p.  41. 

BRANT  POINT.  Position  of  light  determined,  p.  18. 

BRAZOS.  TEX.,  pp.  48,  49. 

BRIG  HT,  W.  T.  In  charge  of  Drawing  Division,  p.  62. 

BRITISH  FOREIGN  ()FF1CE.  Permission  to  experiment  with 
American  pendulum  apparatus  at  Kew  Observatory,  p.  7. 
BRITLSH  PENDULUM  OBSERVATIONS.  Reference  to.  p.  7. 
BRITISH  YARD  MEASURES.  Comparison  of,  by  Mr.  A.  H. 

Scfdt,  p.  31. 

BROAD  COVE,  p.  18. 

BROAD  MOUNTAIN.  Reconnaissance  near,  p.  26. 

BROOK  lA'N.  Water-front  mapped,  p.  21 ;  tidal  observations  at,  p.  22. 

,  BROOKSVILLE,  ME.,  p.  13. 

BROWN’S  ISLAND,  PLYMOUTH  HARBOR,  MASS.,  p.  16. 
BUCHALON’S  BLUFF,  SAINT  JOHN’S  RIVER,  FLA.,  p.  36. 
BUCKSPORT,  ME.,  pp.  1,  13. 

j  BULL  RUN,  VA.,  1871.  Computation  and  revision  of  the  times  and 
astronomical  azimuth  at,  pp.  61,  62. 

BULL’S  FERRY,  NEW  YORK  HARBOR,  pp.  l,  21. 

BURNT  COAT  HARBOR,  ME.  View  of  entrance  to,  p.  l4. 
BURNT  COVE,  DEER  ISLE,  ME.,  p.  13. 

BURROUGH  S  STATION,  COLUMBIA  RIVER,  p.  57. 

BUOY  RECOMMENDED  TO  BE  PLACED  ON  A  WRECK 
SUNK  ON  POLLOCK  S  RIP  (VINEYARD  SOUND),  p.  17. 

I  BUOYS  IN  WINY  AH  BAY,  S.  C.,  p.  83;  near  Pensacola  entrance, 

1  .  Fla.,  p.  41. 
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CXLTFORNIA,  p.  2 ;  general  estimate  for  work  on  coast  of,  pp-  4,  5;  I 
estimate  for  observations  on  ooean-currents  on  coast  of,  p.  5; 
esiiinate  for  assisting  in  State  survey  of,  p.  5 ;  for  extending  pri- 
msry  triangnlatiou  on  the  coast  of.  Section  X,  p.  49 ;  initial  point 
<rf  baae-lnie  for  survey  of  public  lands  in,  p.  50 ;  hydrography  of 
coaat  of,  p.  54  ;  plans  for  irrigating  rich  valleys  of,  p.  55. 

CAMDEN,  ME.,  pp.  1,  14  ;  tidal  bench-mark  at,  p.  15. 

CANADA  HONDA,  CAX,.,  p.  53. 

CAPE  CANAVERAL,  FLA.,  p.  2;  estimate  for  survey  of,  p.  3; 

estimate  for  chut  of  ectast  near,  p.  4  ;  survey  north  of,  p.  37. 

CAPE  COD,  M^SS.  Estimate  for  continuing  hydrography  of,  p.  3 ; 
estimate  for  drawing  chart  of^  p.  4 ;  soundings  at,  p.  11 ;  proposed 
ebipcanal  (1860-'61)  across,  p.  17. 

CAPE  FEAR.  Estimate  for  continuing  hydrography  between  Cape 
Henry  and,  p.  3 ;  hydrography  between  Saint  John’s  River,  Fla., 
and,  p.  3 ;  estimate  for  chart  of  coast  near,  pp.  4,  36. 

CAPE  FEAR  RIVER.  Estimate  for  continuing  hydrography  of, 
p.  3. 

C  APE  FLORIDA.  Estimates  for  astronomical  and  magnetic  obser¬ 
vations  at,  p.  3  ;  for  additions  to  chart  of  coast  near,  p.  4 ;  triangu- 
lation  at,  pp.  37,  38. 

CAPE  P0RTTTNA8,  p.  54. 

CAPE  HATTERAb.  Estimate  for  chart  of  coast  near,  pp.  4,  9. 

CAPE  HENLOPEN,  DEL.  Estimate  for  work  near,  p.  3. 

CAPE  HENRY,  VA.  Estimate  for  survey  near,  p.  3 ;  estimate  for 
chart  of,  p.  4.  . 

CAPE  LOOKOUT.  Estimates  for  measuring  base-line  near,  p.  3; 
for  chart  of  coast  near,  p.  4. 

CAPE  MAY.  Estimate  for  drawing  and  engraving  chart  of,  p.  4 ; 
detennination  of  position  of  Ufe-saving  stations  between  Quoddy 
Head  and,  p.  16. 

CAPE  MENDOCINO,  CAL.  Estimates  for  survey  near,  p.  5;  for 
drawing  and  engraving  chart,  p.  5. 

CAPE  POGE,  MASS.  Position  of  light  determined,  p.  18. 

CAPE  PORPOISE,  ME.,  p.  12. 

CAPERTON,  HUGH,  AID.  Services  in  Section  n,  p.  19;  in  Sec¬ 
tion  IX.  p.  49. 

CAPE  SAINT  BLAS.  Estimate  for  drawing  and  engraving  chart 
of  Gulf  coast  between  Mobile  entrance  and,  pp.  4,  43. 

CAPE  SAN  MARTIN,  p.  54. 

CAPE  SEBASTIAN.  Estimate  for  survey  near,  p.  5. 

CAPI’TOL  HILL,  WASHINGTON,  D.  C.  Magnetic  observations 
at  station  on,  p.  29 ;  anyiwal  determination  at,  of  ^lagnetic  declina¬ 
tion,  dip,  and  intensity,  by  C.  A.  Schott,  assistant,  p.  61. 

CARMAN  S  RIUER,  p.  23. 

CARMEL  BAY.  Topography  between  Monterey  Bay  and,  p.  53. 
CASCADE  HEAD.  Estimate  for  drawing  and  engraving  chart  of, 
p.5. 

CASHE'S  LEDGE,  ME.,  p.  11. 

CASTINK,  ME.,  p.  1 ;  estimate  for  chart  from  Bangor  to,  p.  4. 
CASTLE  POINT,  NEW  YORK  HARBOR,  pp- 1,  21. 

CASWELL  (schooner).  Use  of,  in  Section  III,  p.  28. 

CATALINA  HARBOR,  CAL.  Triangulation  of,  p.  52. 

CATALINA  ISLAND.  Survey  of,  pp.  2, 52. 

CATALINA  (sloop).  Use  of,  in  Section  X,  p.  52. 

CATHLAMET,  W.  T.  Tidal  record  at,  p.  57. 

CEDAR  ISLAND,  N.  H.,  p.  14  ;  position  of  light  determined,  p.  18. 
CEDAR  KEYS,  FLA.  Estimate  for  survey  near,  p.  3;  topography 
and  hydrography  north  of,  pp.  39,  40. 

CENTENNIAL  EXPOSITION.  Instixunents  used  at  Capitol  Hill 
Obsen*atory,  part  of  the  Coast  Survey  exhibit  at  the,  p.  29 ;  appa¬ 
ratus  for  registering  tidal  observations  exhibited  at,  p.  35. 

CEPHEI,  51.  Observations  on,  p.  23. 

CHAMBER  OF  COMMERCE  OF  NEW  ORLEANS.  Inquiries 
relative  to  effect  of  Bonnot  Carre  Crevasse,  pp.  46, 47. 
CHAMPLAIN,  SAMUEL  DE,  FRENCH  NAVAL  OFFICER. 

Reference  to  survey  of  Plymouth  Harbor  in  1605  by,  p  16. 
CHANGES  IN  THE  HARBOR  OF  PLYMOUTH,  MASS.,  Appen¬ 
dix  9,  pp.  143-146. 

CHARACTERISTICS  OF  THE  SOUTH  PASS  OF  MISSLSSIPPI 
RIVER.  Review  of,  by  H.  Mitchell,  assistant^  Appendix  No.  12, 
pp.  19(^191. 

CHARLESTON,  S.  C.  Estimate  for  detailed  survey  of  islands  and 
water>pasnge«  near,  pp.  3,  87. 

CHARLOTTB  JHAKBO^  FLA.  Estlmato  for  survey  near,  pp.  3, 48. 
CHARTS.  Xatlnuita  for  drawing  and  engraving  Atlantic  ooasti 


p.  4 :  of  Pacific  coast,  p.  5 ;  general  estimate  for  expenses  of,  p.  6  (see 
Drawing  Division  of  Coast  Survey  Office,  pp.  62, 63 ) — completed  or 
in  progress  during  the  year  1875-’76.  Appendix  No.  4,  pp.  77-78. 
CHARTS  AND  INSTRUMENTS.  Division  of,  pp.  63,  64. 

CHART  OF  THE  MAGNETIC  DECLINATION  IN  THE 
UNITED  STATES,  by  J.  E.  Hilgard,  assistant,  Appendix  No. 
21,  pp.  400-401. 

CHASE,  A.  W.,  ASSISTANT.  Survey  of  Monica  Bay,  Cal.,  pp.30,51. 
CHATHAM  ISLAND,  SOUTH  PACIFIC  OCEAN,  p.30;  compu¬ 
tation  for  latitude  of  station  at,  p.  31 ;  computation  of  astronomical 
and  magnetic  observations  of  1874  at,  p.  61. 

CHEEVER,  N.  Y.,  1874.  Astronomical  aaimiith  computed,  p.  61. 
CHESAPEAKE  BAY.  Estimate  for  continuing  triangualtion  and 
supplementary  hydrography  of,  p.  3;  relative  to  triangulation,  pp. 
26,  29. 

CHESTER  COUNTY,  PA.  Reconnaissance  through,  p.  26. 
CHESTER,  PA.,  p.  1 ;  ledge  developed  between  Marcus  Hook  and, 
p.  27 ;  repairs  on  the  Gedney  at,  p.  41. 

CHRISTIAN,  J.  H.,  AID.  Services  in  Section  VII,  p.  42. 

CITY  POINT,  INDIAN  RIVER  FLA.,  p.  37. 

CITY  POINT,  JAMES  RIVER,  VA.,  p.  1 ;  station-marks  near,  de¬ 
stroyed,  p.  29. 

CLARK,  JOHN.  Division  of  Charts  and  Instruments,  Coast  Survey 
Office,  p.  64. 

CLARK  MOUNTAIN,  VA.,  1871.  Azimuth  computed,  p.  61 ;  also 
astronomical  latitude  of  station  on,  pp.  61, 62. 

CLERICAL  FORCE  OF  THE  COAST  SURVEY  OFFICE,  f).  64. 
CLIFFORD  HOUSE,  PLYMOUTH,  MASS.  p.l6. 

CLIFTON,  OREG.  Tidal  obser\  atlon8  at.  p.  57. 

CLOVER,  RICHARDSON.  LIEUTENANT,  U.  S.  N.  Services  in 
Section  X,  p.  52. 

COAST  HYDROGRAPHY  ON  THE  ATLANTIC.  Estimates  for, 
p.  3. 

COAST  PILOT,  pp.  1, 2, 14, 20, 21 ;  estimate  for  work  on  the  Atlantic, 
p.  4 ;  on  the  Pacific,  p.  5 ;  of  the  Florida  Reefs,  p.  38. 

COAST  SURVEY.  Remarks  on  the  progress  and  condition  of  the, 
for  year  ending  June  30,  1876,  pp.  1, 2 ;  Its  officers  and  office-work, 
pp.  59-64  (Appendix  No.  2,  pp.  73-74). 

COAST  SURVEY  OFFICE.  Officers  and  employOs,  pp.  59-64;  in- 
formation  furnished  from,  in  reply  to  special  calls.  Appendix 
No.  3,  pp.  75-76. 

COAST  TOPOGRAPHY,  north  of  Bodega  Head,  Cal.,  pp.  55,  56: 

near  Tillamook  Bay,  Oreg.,  p-  57. 

COBB,  A.  H.,  ENSIGN,  U.  "S.  N.  Services  in  Section  VI,  p.  39. 
COEFFICIENT  OF  REFRACTION.  Observations  at  Ragged 
Mountain,  near  Camden,  Me.,  pp.  14,  15. 

COLONNA,  B.  A..  SUBASSISTANT.  Triangulation  west  of  Fire 
Island,  p.  23 ;  triangnlatiou  of  Barataria  Bay,  La.,  p.  45 ;  services  in 
Computing  Division,  pp.  60,  62. 

COLORADO  RIVER,  CAL.,  p.  50. 

COLUMBIA  RIVER,  OREG.,  p.  2 ;  estimates  for  survey  of,  p.  5 ;  for 
drawing  and  engraving  chart  of,  p.  5  ;  trianguUtion  of,  p.  57 ;  hy¬ 
drography  of.  p.  57;  computation  by  Dr.  Rumpf  of  triangulation 
of  1874  of  the  entrance  to,  p.  61. 
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p.  41. 

GULF  OF  MAINE.  Estimate  for  continuing  observations  on  sea 
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GULF  STREAM.  Estimate  for  continuing  soundings,  &c.,  in,  p.  3. 

GULL  ISLAND,  p.  1 ;  sounding  near,  p.  19. 

GUTTENBERG.  N.  Y.,  p.  21. 
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by  the,  p.  27. 

LINDENKOHL,  A.  Drawing  Division,  Coast  Survey  Office,  p.  62. 

LINDENKOHL,  H.  Drawing  Division,  Coast  Survey  Office,  p.  62. 

LISTON’S  TREE.  DELAWARE  RIVER,  p.  1;  rangelighto  at, 
P-27. 

LITTLE  KENNEBEC  RIVER.  View  of,  p.  14. 

LIVELY  (steara-lanncb).  Use  of,  in  Section  XL  p.  58. 
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LONG  BEACH.  Position  of  light  determined,  p.  18. 
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38,39. 

LONGFELLOW,  A.  W.,  ASSISTANT.  Topography  of  the  Pen¬ 
obscot  River,  Me.,  pp.  13, 14. 
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LONG  ISLAND,  N.  Y.,  p.  1 ;  estimato  for  hydrojjraphic  survey  of, 
p.  3;  I)08ition  of  light-house  at  (Ireeiiport  detennlned,  p.  18:  Con¬ 
stellation  rock,  east  end  of,  p.  19;  detailed  survey,  south  coast  of, 
p.  23;  computation  of  tertiary  triaugiilation  (1874).  p.  61;  adjust¬ 
ment  of  old  trial! giilatioii  on,  p.  61. 

LONG  ISLAND,  TLAt’ENTIA  BAY,  ME..p.l2. 

LONG  ISLAND  SOUND,  p.  1;  estimate  for  chart  of,  p.  4. 

LONGITUDE,  p.  10. 

LONG  KEY.  FLA.,  p.  38. 

LONG  MOUNTAIN,  VA.  Station  on,  pp.  30,62. 

LONG  SHOAL  POINT,  N.  C.,  p.  31. 

LOS  ANGELES.  p.4». 

LOS  ANGELES  COUNTY.  Estimates  for  triangnlation  and  topog¬ 
raphy  of,  p.  5 ;  data  for  geographical  jiositions  in,  p.  51. 

LOS  CEKITOS,  CAL.,  i).49. 

LOU ISIAN  A .  Estinmtes  for  triangulation,  topography,  and  hydrog¬ 
raphy  of,  and  for  general  chart,  p.  4 ;  Gulf  coast  of  Western  (St^ction 
IX),  p.47. 

LOUISVILLE,  KY.  Coast  Sun^ey  steamer  Barataria  constructed 
at,  pp.  45, 46. 

LOW.  W.  F.,  MASTER,  U.  S.  N.  Si^rvices  in  Section  VII,  p.41. 

LOWRY,  O.  W.,  ENSIGN,  U.  S.  N.  St*rvices  in  Section  IV,  p.  32. 

LOWRY,  T.  J.,  AID.  Services  in  Section  X,  p.  55. 

LULL,  EDWARD  P.,  COMMANDER,  U.S.N.  Hydrographic  In¬ 
spector  in  the  Coast  Survey,  pp.  11, 59. 

LYNCHBURG,  VA.,  p.  2;  reconnaissance  south  of,  p.  30;  computa¬ 
tion  of  positions  of  secondary  objects  near,  p.  61. 

LYONS,  J.  Computing  Division,  Coast  Survey  OflSc«‘,  pp.  60, 62. 

M. 

M ACHIAS  BAY.  View  of,  p.  14. 

MADISON,  WIS.  Triangulation  near,  pp.  2, 47. 

MAEDEL,  A.  M,  Engraving  Division,  Coast  Survey  Office,  p.  63. 

MAEDEL,  K.  A.  Engraving  Division,  Coast  Survey  Office,  p.  63. 

MAGNETIC  DECLINATION.  On  a  chart  of  the,  by  J.  E.  Hilgard, 
assistant.  Appendix  No.  21,  pp.  400-401. 

MAGNETIC  OBSERVATIONS  at  Washington,  pp.  1, 29;  estimate 
for  continuing  at  sundry  points  the  system  of,  pp.  3-5 ;  at  Sand  Isl¬ 
and  station,  p.  32. 

MAGNETISM,  p.  9. 

MAIN,  JAMES.  Computing  Division,  Coast  Survey  Office,  p.  61. 

MAINE.  Deep-sea  soundings  off  coast  of,  p.  1 ;  estimates  for  con¬ 
tinuing  soundings  on  coast  of,  p.  3 ;  estimate  for  chart  of  cxmst  of, 
p.  4 ;  abstracts  of  work  on  the  coast  of,  pp.  11-14, 16, 20. 

MAINE  (GULF  OF).  Estimate  for  continuing  sea  and  tide  current 
observations  in,  p.  3;  hydrography  of,  p.  11. 

MANAN,  MASS.  Estimate  for  continuing  hydrography  near, 
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MANDARIN  POINT,  FLA.,  pp.  2,  36. 

MANHASSET  LIGHT.  Posifion  determined,  p.  18. 

MANOMET  POINT,  MASS.  Soundings  near,  pp.  1, 16. 

MA  RCUS  HOOK.  Development  of  ledge  between  Chester,  Pa.  and, 
pp.  1, 27. 
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MARIETTA,  p.  42. 

MARINDIN,  II.  L.,  ASSISTANT.  Physical  survey  of  New  York 
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and  topography  at  Cubitt’s  Gjip  and  Southwest  Pass,  Mississippi 
delta,  p.  45. 

MARINE  GOVERNORS.  On,  by  Charles  E.  Emery.  Appendix 
No.  13,  pp.  192-196. 

MARK  ISLAND,  ME.,  p.  13. 
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MERRYMAN,  j.  H..  CAPTAIN,  U.  S.  REVENUE  MARINE. 
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MEUTH,  C.  a.  Drawing  Division,  Coast  Survey  Office,  pp.  62,  63. 
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survey  of,  pp.  3,  4 ;  estimate  for  chart  of  sea^pproaches  and  the 
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MISSOURI.  Estimate  for  geodetic  connection  of  the  Atlantic,  Gulf, 
and  Pacific  coasts  through,  p.  5. 
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MONTEREY  BAY,  CAL.,  p.  2;  estimates  for  survey  near,  p.  5; 
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MOSMAK,  A.  T..  ASSISTANT.  Primary  trianpilation  in  Virffinia, 
pp.  29.  30;  rpconnaiMHauce  for  triangolation  in  Virginia,  p.  30. 
MOSQUITO  COVE,  N.  .J,,  p.  25. 

MOSQUITO  INLET,  FLA.  EHtimate  for  hydrography  of,  p.  3. 
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MOrST  SHASTA,  CAL.  Erection  of  pemianeiit  signal  on,  pp.  2, 
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20.25:  estimate  for  determining  position  of  lights  on  the  coast  of 
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NEW  York  ha  RBOR,  p.  l ;  thlal  observations  in,  pp.  1,  22 ;  esti¬ 
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NILES,  KOSSUTH,  MASTER,  U.  S.  N.  Hydrography  of  Appa- 
lachee  Bay,  Fla.,  pp,  40, 41. 

NOBSK  A,  ME.  Position  of  liglit  at.  p.  la 

NORFOLK  HARBOR,  VA.  Hydrography  of,  pp.  1, 28, 32. 

NORTH  BAY.  ME.  Position  of  light  in,  p.  18. 

NORTH  CAROLINA.  (Jeneral  e.stimntc  for  work  on  coast  of,  p.  4 : 
triangidation  in,  p.  30;  abstracts  of  work  in.  Section  IV,  pp.  31,32; 
mountains  of.  pp.  3.5,  42. 

NORTH  EDISTO  AND  SOUTH  EDISTO  RIVERS,  S.  C.  Hydrog¬ 
raphy  of,  p.  33. 

NORTHERN  BAY,  ME.,  p.  1. 

NORTH  HAVEN,  ME.  Tidal  observations  at.  pp.  1,  14,  19,  59,  60. 

NORTHWEST  HARBOR.  ISLE  AU  HAUT  BAY,  ME.,  p.  13. 

NOTE  ON  THE  THEORY  OF  ECONOMY  OF  RESEARCH,  by 
Assistant  C.  S.  Peirce;  Aj)|M‘ndix>No.  14,  pj).  197-201. 

NOVA  St’OTIA.  Estimates  for  dredging  in  the  Gulf  Stn‘ain  off 
coast  of,  p.  3. 

NYE,  H.  C.  T.,  MASTER,  U.  S.  N.  Services  in  Sisition  I,  p.  17,  and 
in  Section  VII.  p.  41. 

O. 

OAKLAND,  MISS.,  pp.  2.  46. 

OBSERVATIONS  OF  ATMOSPHERIC  REFRACTION  AT 
RAGGED  MOUNTAIN,  MAINE,  Appendix  17,  pp.  355-367. 

OBSERVATORY  AT  KEW,  EXGI.ANI),  pp.  6, 7,  9. 

OBSERVATORY  (N.VVAL)  AT  WASHINGTON.  D.  C.,  p.  10;  at 
High  School,  Philadelphia,  p.  10. 

OBSERVATORY  HILL,  HANOVER,  MASS.,  p.  15. 

OCILLA  RIVER,  FLA.,  p.40. 

OCKLtK'KONY  BAY,  FLA., p. 40. 

OCRACOKE  INLET,  p.  39. 

OFFKJE  WORK.  Eniinieration  of,  p.  4;  estimate  for  Atlantic  and 
Gulf  coasts,  p.  4 ;  estimates  for  expenses  of  Paeifle  eoa.st,  p.  5. 

OFFICE  WORK  OF  THE  UNITED  STATES  COAST  SURVEY 
DURING  THE  YEAR  ENDING  DECEMBER  31,  1875.  Sta¬ 
tistics  of  field  and.  Ap]>eiidix  No.  2,  pp.  73, 74. 

OGDEN.  H.  G.,  ASSISTANT.  Survey  of  Saint  John’s  River,  Fla., 
p.  36. 

OGDEN,  S.  N.,  AID.  S«uviees  in  Section  I,  p.  12;  in  Section  VIII. 
p.  45. 

OHIO  RIVER.  Recoimaissaneo  in  West  Virginia  near,  p.  31. 

OLD  ORCHARD  BEACH,  ME.,pp.l,  15. 

OLD  POINT  COMFORT,  VA.  Tidal  ohsenations  at,  p.  28. 

OLEANDER  POINT,  FL.V.,  p.  37. 

ON  MARINE  GOVERNORS,  by  Charles  E.  Emery;  Appendix  No. 
13,  pp.  192-196. 

ON  THE  ADAPTATION  OF  TRIANGU RATIONS  TO  THE 
VARIOUS  CONDITIONS  AND  CHARACTER  OF  THE  SUR- 
FACE  OF  A  COUNTRY,  by  A.ssi.staut  (’.  A.  Schott ;  Api>endix 
No.  20,  pp.  391-399, 

OREGON,  Topography  and  triangnlatioii  of  cojist  of,  p.  2;  estimate 
for  field  work  in,  pp.  4,  5 ;  abstracts  of  work  on  coast  of,  Section 
XI,  pp.  57.  58. 

OUFORl)  REEF,  CAL.,  p.  54. 

ORRINGTON,  PENOBSCOT  RIVER,  ME.,  p.  13. 

OSBORNE  S  RUIN.  Station-marks  found,  p.  26. 

OVER,  FU.V  NK.  Electmtypiiig  Division,  Coast  Survey  Office,  p.  63. 

OWL’S  HEAD.  BELOW  GOWANUS  BAY,  N.  Y.,  p.  21. 

OYSTER  CREEK,  N-  C.,  p.  31. 

P. 

PACIFIC  COAST.  Estimate  for  genend  expenses  of  the,  pp.  4,  5; 
for  fi(*ld  and  office  work,  p,i.  4,  5;  relative  to  series  of  tidal  obser¬ 
vations  on  the,  p.  59. 

PACIFIC  COAST  OF  THE  UNITED  STATES  DURING  THE 
SURVEYING  SEASON  OF  1875-’76.  Distribution  of  surveying- 
parties  upon  the.  Apjiendix  No.  1,  pp.  67-72. 

PADRE  ISLAND,  COAST  OF  TEXAS.  Dweription  of,  pp.  48,  49. 

PAGE,  PROFESSOR  WILLIAM  BYRD.  Triangulation  in  Ken 
tiieky,  p.  42. 

PALFREY,  R.  B.,  AID.  Services  in  Section  II,  p.  21. 

PALIN URUS  (schooner).  U.S4'  of,  in  Section  I,  p.  14;  in  Section  II, 
p.  20;  in  St‘ctitm  VI,  pp.  37,  38. 

PALMER’S  ISLAND.  Determination  of  position  of  light  on,  p.  18. 

PAMPLICO  RIVER,  p.  62. 

PAMPLTCO  SOUND,  N.  C.  Hydrography  of,  pp.  2,  31,  32;  esti¬ 
mate  for  work  in,  p.  3;  and  chart  of,  p.  4;  adjustment  of  triaugu- 
lations  at,  fhim  1869  to  1875,  p.  61. 
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PARIS,  FRANCE.  P«'iidiilum-obser\'atioii8  by  AHnintant  C.  S. 
IVirro  at,  pp.  6,  8,  9. 

PARIS  MOUNTAIN.  S.  C.  IMiiiary  ntation,  i)p.  34,  35. 

PARSONS,  F.  H.,  All).  Scrvit  cs  in  Sertioii  I.  p.  12;  in  Section  II, 
p.  27;  in  Section  III,  p.  29;  serviccH  in  Tidal  DiviMion,  (’oast  Sur¬ 
vey  Ortice,  pp.  59,  60. 

PARSONS,  J.  'NV.,  AID,  Services  in  Section  II,  p.  21. 

PASS  A  LOUTRE,  MISSISSIPPI  RIVElt,  p.  44. 

PASSAMAt^UODDY  RAY.  Eatiinab's  for  work  in,  p.  3 ;  Hketebes 
of,  p.  14. 

PASSES  OF  THE  MISSISSIPPI.  Estimate  for  chart  of,  p.  4 ;  sur¬ 
vey  of,  pp.  43-46.  • 

PATCHOOUE,  LONG  ISLAI^'D,  p.  23. 

PATTERSON,  C.  P.,  SUPERINTENDENT  UNITED  STATES 
('OAST  SURVEY,  submitting  rei>ort  of  187.5-76,  to  the  Hon.  Ia>t 
M.  Morrill,  S«*cretar>'  of  the  Treasury,  pp,  1-64;  commissioner  on 
Boanl  for  improvement  and  preservation  of  Baltimore  Harbor,  p.  28. 

PECK,  R.  Ct.,  master,  U.  S.  N.  Siu  vices  in  S«‘ction  1,  p.  12;  and 
in  St'ction  VIII,  p.  43. 

PEDKK  RIVER,  pp.  2,  33. 

PEIRCE.  BENJAMIN,  CONSULTING  GEOMETER,  U.  S.  COAST 
SURVEY  (.see  Appendix  No.  6),  pp.  81,  82.  j 

PEIK(.’E.  (^  S.,  ASSIS'I’ANT.  Pendulum-observations  at  European  j 
statipna  by,  yip,  6-9;  Ayipendix  No.  15,  pp.  202-3.37 ;  note  on  the 
Theory  of  Economy  of  Research  hy.  Appendix  No,  14,  pp.  197-201.  ' 

PENDLETON,  A.  G..  AID.  Services  in  Section  II,  p.  2.5.  j 

PENDULUM  OBSERVATIONS  AT  EUROPEAN  STATIONS,  by 
Assistant  C’.  S.  Peirce,  yip.  6-9;  also  Appendix  No.  13,  pp.  202-337. 

PENNSYLV'ANIA.  Tiiangulation  in  Easti-iii,  pp.  1,  26;  estimaU') 
for  work  in,  yip.  4,  5;  abstracts  of  work  in,  S»*ction  II,  pp.  18,  26. 

PENSACOLA,  FLA.  Estimates  for  work  at,  p.  3;  cum*nt-obser- 
vations  at,  p.  41. 

PENSACOLA  ENTRANCE.  Gulf  hydro^phy  near.  p.  41. 

PENSACOLA  NAVY- YARD  TUG  ROSE.  Assistance  rendered 
to  the,  p.  41. 

PENOBS(H)T  BAY,  ME.  Tidal obsc^^'ations  at,  pp.  1,  14;  estimates 
for  work  in,  p.  3 ;  views  of  coast  of,  p.  14. 

PENOBSt^OT  RIVER.  Topography  of,  pp.  1, 13;  estimate  of  chart 
of,  p.  4;  views  of,  p.  14. 

PERKINS,  F.  W.,  ASSISTANT.  Cm'fticient  of  refraction  at  Rag- 
ged  Mountain,  Me.,  p.  14,  15;  tiiangulation  in  Maryland,  p.  29;  , 

topography  and  hydrography  noi1h  of  Ce<lar  Keys,  Fla.,  p.  39. 

PETERSEN,  A.  Engraving  Division,  Coast  Survey  OtHce,  p.  63. 

PETIT  MANAN  LIGHT-HOl’SE.  Estimate  for  chart,  yi.  4:  views 
of,  p.  14. 

PHILADELPHIA.  Ltuigitude-obsi'rvationHat  High  SchiKilObserva- 
tory,  p.  10;  Coast  Survey  Exhibit  at  Centennial  Exposition  pp.  29, 

35, 

PHYSICAL  HYDROGRAPHY,  MISSISSIPPI  RIVER,  pp.  44.  45. 

PHYSIC  AI.  SURVEY.  NEW  YORK  HARBOR,  pp.  21,  22;  tables  of 
results  of,  by  Henry  Mitchell,  assistant,  Apyiendix  No.  10,  pp.  147-185- 

PICKERING  ISLAND,  ME.,  p.  13. 

PIER  HEAD  STATION,  MASS.,  yi.  16. 

PILATKA,  FLA.,  p.  36. 

PILLSBURY.  J.  E.,  LIEUTENANT,  U.  S.  N.  Services  in  Sec- 
tioii  I.  p.  12;  in  Section  VIII,  p.  43. 

PINNACLE  MOUNTAIN,  S.  C.  Primary  station,  pp.  34,  .3.5, 

PLA(.'ENTIA  BAY,  ME.  Triangnlation  and  toyiograyihv  of,  p.  12. 

PLANT  AMOUR,  PROFESSOR,  pp.  6-8. 

PLATES  COMPLETED,  CONTINUED.  OR  BEGUN  DURING 
THE  YEAR  1875-’76,  Engraving  Division,  Appendix  No.  5,  pp. 
79-80. 

PLATT,  ROBERT,  ACTING  MASTER,  U.  S.  N.  Services  in  Sec¬ 
tion  VI,  p.  38 ;  in  Hydrographic  Division,  Const  Survey  Otlice,  p.  59. 

PLhlASANTS,  E.  B.,  All).  Services  in  Stn^tion  Vlll,  p.45;  and  in 
Section  IX,  yi.  48. 

I’LUM  ISLAND,  LONG  ISLAND  SOUND,  N.  Y.  Dangers  to 
navigation  developed  nwir,  pp.  1,  19. 

PLYMOUTH,  MASS.  Hydrography  near,  y>.  16. 

PLYMOUTH  HARBOR,  MASS.  Changes  in,  by  Assistant  Henry 
Mitchell,  Apyiendix  No.  9,  pp.  143-146;  researches  relative  to  de¬ 
posits  in,  p|).  1,  16,  17. 

POINT  ARENA,  CAL.,  pp.  5,  55,  56. 

POINT  BUCHON,  CAL.,  p.  5. 

POINT  CONCEP(HON,  CAL.  Tiiangulation  near,  pp.  2,  52;  esti¬ 
mate  for  survey  near,  p.  51 ;  light-house  at,  p.  53. 


j  POINT  DUME,  CAL.  Hydrography  near,  pp.  2,  50;  dangers  to 
j  navigation  develope<l  at,  p.  51. 
j  POINT  ELLIOT,  W.  T.,  p.  58. 

POINT  LOMA,  CAL.,  yi.  50. 

POINT  SAL,  p.  5;  primary  signal  erected  at,  p.  53. 

POlNi'  Sl^R,  p.  2;  triangulation  from,  to  Monterey  Bay,  Cal.,  pp. 
5.3,  54. 

POLARIS.  ObstTvations  on,  pp.  23,  .30.  32,  47. 

POLLOCK  RIP.  Light-vessel  at,  p.  17;  drfhgerous  wreck  on,  p.  17. 
POLYCONIC  PROJEC'TlON.S.  Reference,  to  report  by  Assistant 
Schott,  p.  60. 

POND  ISLAND,  ME.,  p.  12. 

PORT  BLAKELY,  AV.  T.,  p.  .58. 

PORTLAND,  ME.,  pp.  11-13. 

PORTLAND  ENTRANCE,  ME.,  p.  14. 

PORTLAND,  OREG.,  p.  .57. 

PORT  MADISON,  p.  2. 

PORT  ORFORD,  p.  5. 

PORT  ROYAL,  S.  C.  Tidal  obseiwat ions  at,  p.  35. 

PORTSMOUTH  HARBOR,  N.  H.  Estimato  for  survey  of,  p.  3. 
PORTSMOUTH,  VA.  Physical  survey  in  the  channel  at,  p.  28. 
PORT  TOWNSHEND.  Tidal  observations  at,  pp.  2,  58,  60;  e.stimate 
for  continuing  the  same,  p.  5. 

“POSITIONS  OF  STARS  FOR  OBSERVATIONS  OF  LATI¬ 
TUDE,”  by  J.  E.  Hilgard,  Assistant-in-charge,  Appendix  No.  7, 
pp.  8;t-129. 

POSSE.S.SION  SOUND,  W.  T..  p.  .58.  • 

POTOMAC  RUSHER.  Estimate  for  survey,  p.  3. 

POWALKY,  C.  Comyiutiug  Division,  Coast  Survey  Offic4^,  p.  60; 
resignation,  yi.  61. 

POWDER  HOLE.  Tidal  observations  at,  p.  17. 

PRAIRIE  DU  CHIEN.  Triangulation  near,  p.  2. 

PRA'l'T,  J.  F.,  AID.  Services  in  Section  II,  p.  20;  and  in  Section 
VI,  p.  36. 

PREFATORY  NOTE  ON  CHART  OF  MAGNETIC  DECLI- 
N.VTION,  by  J.  E.  Hilganl,  Assistant-iu-charge,  Apyiendix  No. 
21,  pp.  400-401. 

PRIMARY  TRIANGULATION  IN  CALIFORNIA,  pp.  2,  64,  55; 
estimate  for,  p.  5;  in  Virginia,  yip.  29,  30;  in  South  Carolina  and 
Georgia,  p.  34  ;  of  the  Pacific,  p.  55. 

PROVIDENCE,  R.  I.  Tidal  observations  at,  pp.  1,  18.  60. 
PROVINCETOWN,  p.  12. 

PRUDENCE  ISLAND,  MASS.,  p.  18. 

PRUSSIA.  Pendulum -observations  in,  by  Assistant  C.  S.  Peirce, 
pp.  7.  8. 

PUGET  SOUND,  W.  T.  Estimate  for  survey  and  chart  of,  p.  5; 
toyiograyihy  of,  58. 

PUGET  STATION,  COLUMBIA  RIVER.  Survey  as  far  as,  p.  57. 
PUTNAM  (steamer).  Use  of,  in  Section  II,  p.  21. 

Q. 

QUARRY  BLUFF,  WIS.,  pp.  47-61. 

QUAY  OR  PIER  LINE  IN  THE  VICINITY  OF  THE  U.  S. 
NAVY  YARD  AT  NEW  YORK.  Reyiort  concerning  the  loca¬ 
tion  of  a,  by  Henry  Mitchell,  as-sistant,  Apyiendix  No.  11,  pp. 
186-189. 

QUIMBY,  PROFE.SSOR  E.  T.,  OF  DARTMOUTH  COLLEGE 
p.  1.5. 

QUODDY  HEAD.  Estimate  for  chart  of,  p.  4. 

R. 

RABUN  MOUNTAIN.  NORTHERN  GEORGIA.  Primary  trian. 
giilation  yioint,  pp.  34,  61. 

RAFINES(^UK  (Mount),  N.  Y.  Triangulation  station,  yi.  20. 
RAtiGED  KEYS,  FLA.,  p.  38. 

RAt'rGED  MOUNTAIN  PRIMARY  STATION  POINT  NEAR 
CAMDEN,  ME.  Obmirvations  at,  pp.  14,  15,  61 ;  see  Appendix 
No.  17,  pp.  355-367. 

RANGE  BEACONS,  DELAWARE  RIVER.  Sites  for,  p.  27. 
RANGE  LIGHTS  at  Liston's  Tree,  Delaware  River,  p.  27. 
RARITAN  BAY,  N.  J.  Tidal  observations  near,  yi.  24. 
KAYNOLDS,  GENERAL  W.  F.  Light-House  Engineer  of  fourth 
district,  yi.  27. 

RAY,  W.  P.,  MASTER,  U.  ».  N.  Services  in  Section  H,  p.  22; 

in  Section  IV,  p.  31. 

READING,  PA.,  p.  26. 
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BEADY  (schooner).  Use  of,  in  Section  Vll,  pp.  39,  40. 
RECLAMATION  OF  UANO  AND  IRRIGATION  AS  PRAC¬ 
TICED  IN  1NI>1A,  KOYPT.  ITALY,  THE  NETHERLANDS, 
ic.  Report  on,  by  Assistant  G.  Davidson,  referred  to,  p.  55;  see 
Report  of  1875.  Appendix  No.  18,  pp.  368-387. 
RECONNAISSANCE  FOR  TRIANGULATION  IN  VIRGINIA, 
p.  in  AVest  Virginia,  p.  31 ;  in  Georgia  and  Alabama,  pp.  41,  42 . 
from  San  Pedro  eastward  toward  San  Diego,  Cal.,  pp.  49,  50;  in 
Sacramento  Valley,  p.  55.  • 

RKtJl.STERINO  TYDAL  OBSERVATIONS.  Method  of,  by  R.  S. 

Avery,  Appendix  No.  8,  pp.  130-142. 

REPFIELD,  Df  EUTENANT,  U.  S.  N.  Services  in  Section  X,  p.  52. 
REDWOOD,  CAL.  Triwignlation  near,  p.  56. 

RKEDY  ISLAND  LIGHT  HOUSE.  Shoal  developed  near,  p.  27. 
REEES  AND  KEYS.  FLORIDA,  Se  ction  VI,  pp.  36-39. 
REFRACTION  (ATMOSPHERIC),  IN  CONNECTION  VTITII 
HYPSOMETRY  (Reprint  of  Appendix  No.  11,  Report-  of  1871),  by 
Assistants  G.  Ilavidson  and  C.  A.  Schott,  Appendix  No.  16,  pp. 
338-354.  See  also  Api>endix  No.  17,  pp.  355-367 ;  Appendix  No.  18, 
pp.  368-387. 

REK)RT  CONCERNING  THE  LOCATION  OF  A  QUAY  OR 
PIER  LINE  IN  THE  VICINITY  OF  THE  UNITED  STATES 
NAVY-YARD  AT  NEW  YORK,  by  H.  Mitchell,  assistant,  Ap¬ 
pendix  No.  11,  pp.  186-189. 

REl*St)LD,  MESSRS.,  MECHANICIANS.  Constmction  of  con¬ 
vertible  pcndulnni  for  Coast  Survey  by,  pp.  7,  8. 

RESEARCH.  NOTE  ON  THE  THEORY  OF  ECONOMY  OF,  by 
C.  S.  Peirce,  assistant.  Appendix  No.  14,  pp.  197-201. 

RESEARCH  (schooner).  Use  of.  In  Section  IT,  pp.  21,  22;  in  Sec¬ 
tion  Vni,  p.  44. 

RESERVE  PLANTATION,  LA.  Survey  near,  pp.  2,  46. 
RESTORATION  POINT.  PUGET  SOUND,  W.  T.,  p.  58. 
REVERSIBLE  PENDULUM,  pp.  6,  7. 

REVIEW  OF  THE  CHARACTERISTICS  OF  THE  SOUTH 
PAS.H,  MISSISSIPPI  RIVER,  by  H.  Mitchell,  assistant,  Appen¬ 
dix  No.  12,  pp.  190-191. 

RHIND,  A.  C.,  CAPTAIN,  U.  S.  N.  Light-House  Inspector  of 
third  district,  p.  21. 

RHODE  ISLAND,  Section  I,  p.  11.  . 

RICHARDSON’S  ROCK,  CAL.,  p.  51. 

RICHMOND,  VA.  Triangiilation  near,  pp.  1, 29. 

RIO  GR.V-NDE.  Hydrography  of,  positions  of  light-honso  and  life- 
saving  stations,  p.  4. 

RITTENHOUSE,  H.  O.,  MASTER,  U.  S.  N.  Services  in  Section 
Vir,p.41. 

ROANOKE  ISLAND,  N.  C.  Latitude  and  azimuth  at,  pp.  31, 32. 
ROBERT’S  DOCK.  Survey  of  Great  South  Bay,  N.  Y.,  os  far  as, 
p.  23. 

R(X:KAWAY,  N.  Y.,p.23. 

ROCKINGHAM,  VT.,  p.  15. 

ROCK  ISLAND,  FLA.,  p.  40. 

ROCKLAND  HARBOR,  ME.,p.ll. 

ROCKLAND,  ME.  Observations  on  life-saving  stations,  p.  16. 
ROt.’KS  DEVELOPED.  Cashe’s  Ledge,  Ammen’s  Rock,  Matinious 
Rock,  Me.,  p.  11 :  in  Isle  an  Haut  Bay,  p.  13 ;  near  Plnm  Island,  p. 
19;  off  Shrewsbury  Inlet,  p.  22;  near  Reedy  Island  light-honso, 
and  hetwoeii  Marcus  Hook  and  Chester,  p.  27  ;  in  Baffin’s  Bay,  Tex., 
p,  49 ;  Richardson’s  Rocks  near  Santa  Barbara  Islands,  p.  51 ;  In 
Isthmns  Cove,  Santa  Catalina  Island,  p.  51 ;  in  vicinit  y  of  San  Miguel 
Island,  p.  53 ;  Commission  Rock,  Cal.,  p.  54 ;  in  Nebnlem  River,  p.  58. 
ROCKWELL,  CLEVELAND,  ASSISTANT.  Services  in  Section  X, 
p.  r>5. 

RtX-KY  POINT.  CAL.,  p.  54. 

Ktk’KY  POINT,  MASS.,  p.  16. 

RODES.  ENGINEER  OF  STEAMER  HASSLER.  Primary  signal 
devised  and  constructed  by,  p.  51. 

R0IXJER8,  A.  F.,  ASSISTANT.  Triangulation  from  Point  Surto 
Monterey  Bay,  Cal.,  p.  53 ;  signal  on  Mount  Shasta,  pp.  56,  57. 

K08S  MOUNTAIN,  CAL.,  p,  56  (see  Appendix  No.  16,  pp.  338-354, 
by  C.  A.  Schott,  assistant). 

Ro’rND  TOP,  CAX.,  p.  55. 

KOrSE’S  POINT,  N.  Y.,p.6]. 

royal  METEOROLOGICAL  OFFICE  (England),  p.  7. 
royal  .SOCIETY  (England),  p.  7.  , 

RIMPF,  GOTTLIEB.  Computing  Division,  Coast  Survey  Office, 
p.6I. 

RrsSUN  GULCH,  C AL.,  pp.  55, 56. 


RUSSIAN  RIVER,  CAL.  Triangulation  near,  pp.  5,  56. 

RUSSIAN  SURVEY.  Use  of  pendulum  in  the,  p.  6. 

S. 

SABINE,  MAJOR-GENERAL  SIR  EDWARD.  Reference  to 
pp.  6, 7,  9. 

SABINE  PASS.  TEX.  Estimate  for  triangiilation  near,  p.  4. 

SACO  RIVER.  Soundings  at  entrance,  p.  1 ;  hydi*ography  of  ap¬ 
proaches  to,  p.  15. 

SACRAMENTO  RIVER,  CAL.,  p.  61. 

SACRAMENTO  VALLEY.  Triangulation  across,  pp.  2, 55 ;  esti¬ 
mate  for,  p.  5. 

SAEGMCLLER.  G.  N.  Division  of  Charts  and  Instruments,  Coa.st 
Survey  Office,  p.  64. 

SAGADAHOC  (steam-launch).  Use  of,  in  Section  I,  p.  13. 

SAINT  ANDREW’S  BAY,  FLA.  Hydrography  of,  p.  2. 

SAINT  CHARLES  BAY,  TEX.  Soundings  in,  p.  2;  hydrography 
of,  pp.47, 48. 

SAINT  GEORGE’S  REEF,  CAL.  Estimate  for  chart  of,  p.  5. 
SAINT  HELENA  SOI^ND,  S.  C.  Hydrography  of,  pp.  33,  34, 36. 
SAINT  I  AGO,  CAL.,  p.. 50. 

SAINT  JOHN’S  PARISH.  Mississippi  River  survey,  p.  46. 

SAINT  JOHN’S  RIVER,  FLA.,  p,  2  ;  estimates  for  survey,  p.  3;  sur¬ 
vey  of,  p.  36. 

SAINT  JOSEPH’S  BAY,  FLA.  Soundings  in,  pp.  2, 40, 41. 

SAINT  JOSEPH  S  ISLAND.,  TEX.,  p.  48. 

SAINT  MARK'S  HARBOR.  Hydrography  of, p. 2;  tidal  observa¬ 
tions  at  light-house,  p.  40. 

SAINT  MARY’S  RIVER,  FLA.  Estimate  for  chart  of,  p.  4. 
SAINT  PIERRE  CREEK,  N.  C.,p.33. 

SAINT  TERESA,  FLA.  Tide-gauge  at,  p.  40. 

SAINT  THOMAS,  WEST  INDIA  ISLANDS.  Tidal  ob8er\'ation8, 
pp.  2,  49,  59,  60. 

SALLE  DU  MEKIDIEN,  PARIS,  FRANCE,  p.  9. 

SALMON  CREEK,  CAL.,  p.  66. 

SALTER,  T.  G.  C.,  MASTER,  U.  S.  N.  Services  in  Section  IV, 
p.  32. 

SAMPIT  RIVER,  N.  C.  Hydrography  near,  pp.  2, 33. 

SAN  BERNARDINO,  CAL., p. 50. 

SAN  BUENAVENTURA,  CAL.,  pp.  61, 62. 

SAN  CLEMENTE,  CAL.,  p.  50. 

SAND  HILL,  CAL.,  p.  50. 

SAN  DIEGO,  pp.  2, 49, 50;  estimate  for  chart  of,  p.  5;  abstract  of 
'  work  near,  p.  11 :  tidal  obaerv'ations  at,  p.  60. 

SAND  ISLAND,  N.  C.  Latitude,  azimuth,  aud  magnetic  observa¬ 
tions  at,  pp.  2, 31,  32,  6i,  62. 

SANDWICH  ISLANDS.  Tidal  observations  at,  pp.  2,  59,  60. 
SANDY  HOOK.  Tidal  observations  at,  pp.  1, 22, 24, 25,  59,  60  ;  views 
'  of,  for  (Joaat  Pilot,  p.  20. 

SAN  FRANCISCO,  CAL.  Coal  for  steamers  at,  p.  51 ;  vessel  for  use 
of  the  Coa.Ht  Survey  procured  at,  p.  52 ;  snboffice  at,  pp.  53,  55. 

'  SAN  FRANCISCO  BAY.  Estimate  for  new  chart  of,  p.  5 ;  currents 
of,  p.  54. 

SAN  JOAQUIN  VALLEY.  Estimate  for  triangulation  through, 
pp.  5, 61. 

SAN  JOSl?,  LOWER  CALIFORNIA,  p.50. 

SAN  MIGUEL  ISLAND.  Soondings  near,  pp.  2,51-53. 

SAN  PABLO  BAA",  p.  54. 

SAN  PEDRO,  CAL.  Primary  triangnlation,  pp.  2, 49. 50;  estimates 
'  for,  p.  5. 

SAN  SIMEON.  Estimate  for  survey  near,  p.  5. 

;  SANTA  ANITA,  CAL.,  pp-.  49,  50. 

SANTA  BARBARA  CHANNEL,  CAL  ,pp.  49,  51,52,62;  triangu 
lation  across,  p.  52. 

SANTA  BARBARA  ISLAND,  pp.  50,61,62;  signal  creebnl  on, 
p.  51 ;  triangiilation  of  west  end  of,  p.  52. 

SANTA  CATALINA  ISLAND,  p.  50;  position  of  awash-rock  in 
Isthmus  Cove,  p.  51. 

SANTA  CRUZ  ISLAND,  CAL.,  pp.  50,  52,  5.3,  61. 

SANTA  CRUZ  ISLAND  COMPANY.  Sheets  of  the  detailed  sur- 
vey  of  the  island  furnished  to  the,  p.  52. 

SANTA  MONICA,  CAL.,  pp.  50-52. 

SANTA  MONICA  BAY.  Survey  of,  pp.  2,  50. 

[  SANTA  ROSA  ISLAND,  CAL.  Soundings  near,  pp.  2,  51-53. 

SARASOTA  BAY,  FLA.  Triangiilation  of,  pp.  2,  38 ;  hydrography 
I  of  the  Gulf  coast  near,  pp.  38,  39. 

1  SAUL’S  CREEK,  NEAR  APALACHKXILA,  FLA.,  p.  41. 
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SAVANNAH,  GA.  EBtimate  for  survey  near,  p.  3. 

SCATCHET  BANK,  \V.  T.  Anchorage-ground  developed  on, 
p.  58. 

SCHAEFER,  H.  W.,  MASTER,  V.  S.  N.  Services  in  Section  VII, 
p.  41. 

SCHENCK,  GENERAL,  AMERICAN  MINISTER  TO  ENGI.ANl), 
p.  7. 

SCHOONER  LEDGE,  p.  27. 

SCHOTT,  ARTHUR.  Drawing  Division,  Coast  Survey  Ofticc',  p.  63. 

SCHOTT.  C,  A..  ASSISTANT.  Discussion  of  barometric  observa¬ 
tions  at  Ragged  Mountain,  p.  15  (see  al.so  Appendix,  No.  17.  pp. 
35.5-367):  magnetic  observations  at  Capitol  Hill,  Wasliingtou  City 
p.  29;  signal  for  Mount  Shasta  propo.sed  by,  p.  .56;  Computing 
Division,  Coast  Survey  Ottice,  pp.  60,  61. 

SCORESBY  (schooner).  Use  of,  in  Section  I,  p.  12 ;  in  Section  III,  p.  29. 

SCOTT,  A.  H.  Services  in  Section  III,  pp.  30,  31. 

SCOTT,  R.  H.,  of  the  British  Meteorological  Bureau,  p.  7. 

SEATTLE,  W.  T.,  p.  58. 

SECTIONS  OF  WORK  AS  ARR.VNGED  IN  REPORT.  Section 
I,  pp.  11-18;  Section  II,  pp.  18-27;  Section  III,  pp.  28-31;  Section 
IV,  pp.  31-32:  Section  V,  pp.  33-35:  Section  VI,  pp.  36-39;  S<*ction 

VII,  pp.  39-42:  Section  VIII,  pp.  42-47 ;  Sectiou  IX,  pp.  47-49;  Sec¬ 
tion  X.  pp.  49-57 ;  Section  XI,  pp.  57-.59. 

SENGTELLER,  A.  Engraving  Division,  Coast  Survey  Office,  p.  63. 

SENGTELLER,  L.  A.,  ASSISTANT.  Coast  topography,  north  of 
Bodega  Head,  Cal.,  pp.  .55,  56. 

SEVERN  RIVER,  AT  ANNAPOLIS,  MD.,  p.  29. 

SEWELL,  W.  E.,  ENSIGN,  U.  S.  N.  Services  in  Section  I,  p.  12;  in 
St^ction  VII,  p.  43. 

SHALER,  PROFES.SOR,  N.  S.  Director  of  Slate  Geological  Survey 
of  Kentucky,  p.  42. 

SHARRER,  W.  O.,  LIEUTENANT,  U.  S.  N.  Services  in  Sectiou 
I,  p.  12 ;  ill  Section  VIII,  p.  43. 

SHEDD,  J.  H.,  CIVIL  ENGINEER.  Tidal  observations  at  Provi¬ 
dence,  R.  I.,  p.  18 

SHEFFIELD  SCIENTIFIC  SCHtXlL.  Assistance  rendered  by  grad¬ 
uates  of,  in  survey  north  of  New  Haven,  Conn.,  p..l9. 

SHIDY,  L.  P.  Tidal  Division,  Coast  Survey  Office,  p.  59. 

SHIP  JOHN  SHOAL  LIGHT.  Sounding  near,  p.  27. 

SHOAIj,  near  Delaware  Breakwater,  p.  27 ;  developed  between  San 
Miguel  and  Richardson’s  Rock,  Cal.,  p.  51. 

SHOALWATER  BAY.  Estimate  for  chart  of,  p.  5. 

SHORE  LINTIS  OF  NEW  YORK  HARBOR,  p.  21. 

SHREWSBURY  INLET,  p.  22. 

SHREWSBURY  ROCKS,  N.  J.  Development  of,  pp.  1,  22. 

SIERRA  NEVADA.  Reconnaissance  across,  pp.  55,  57. 

SIERRA  MADRE  MOUNTAIN,  CAL.,  p.  49. 

SIERRA  SANTA  MONICA,  p.  50.  • 

SIGSBEE,  C.  D.,  LIEUTENANT-COMMANDER,  IT.  S.  N.  Hy- 
drography  Gulf  of  Maine,  pp.  11,  12;  hydrography  Gulf  of  Mexico, 
pp.  42,  43. 

SILLIMAN  (schooner).  Use  of.  in  Section  VII,  p.  40. 

SINCLAIR.  C.  H.,  AID.  Services  in  Sectiou  I,  p.  16;  in  Section 

VIII,  p.  45. 

SIPE,  E.  H.  Engraving  Division,  Coast  Survey  Office,  p.  63. 

SITES  FOR  RANGE- BEACONS,  DELAWARE  RIVER,  p.  27. 

SITKA,  ALASKA,  p.  61. 

SMITH,  EDWIN,  SUBASSISTANT.  Reconnaissance  for  triaugu- 
lation  in  Virginia,  pp.  30,  35;  latitude  and  azimuth  at  Roanoke 
Island,  N.  C.,  pp.  31,  32. 

SMITH'S  GAP,  BLUE  RIDGE  MOUNTAINS,  p.  26. 

SMITH'S  ISLAND.  Topography  of,  p.  1. 

SNEDEN.  W.  S.,  GENERAL  MANAGER  OF  SOUTHERN  NEW 
JERSEY  RAILROAD  COMPANY.  Seiwiees  rendered  in  taking 
tidal  observations  at  Sandy  Hook  by,  p.  24. 

SNUG  HARBOR  LANDING,  NEW  YORK  BAY,  p.  21. 

SOMERSET,  MASS.,  p.  18. 

SOUTH  ADAMS.  Triangulation  station  at,  p.  20. 

SOUTH  BAY  LIGHT  HOUSE.  Position  determined,  p.  18. 

SOUTH  BAY,  ME.,  p.  13. 

SOUTH  CAROLINA  AND  GEORGIA.  Triangulation  near  bound¬ 
ary  of,  p.  2  ;  estimates  for  survey  uear  coast  of,  pp.  3,  4 ;  abstracts 
of  work  on  coast  of,  Section  V,  pp.  33.  34. 

SOUTHEASTERN  KENTUCKY.  Triangulation  in.  pp.  2,  42. 

SOUTH  EDISTO  RIVER,  S.  C.  Hydrography  of,  p.  33. 

SOUTHERN  BRANCH,  NEAR  NORFOLK,  VA.  Survey  of,  p.  28. 


SOUTHERN  NEW  JERSEY  RAILROAD  COMPANY,  p.  24 
(see  Sneden). 

south  pass.  MISSISSIPPI  RIVER,  pp.  43-45.  61. 

SOUTHWEST  CAPE,  FLA.,  p.  40. 

SOUTHWEST  HARBOR.  ME.,  p.  14. 

SOUTHWEST  PAS.S,  MISSISSIPPI  RIVER.  Special  aurvey  of, 
pp.  2,  43 :  triangiilation  and  to])ogi-aphy  at.  p.  45. 

SOWNDABSC(K)K  BRANCH,  ME.,  p.  13. 

SPARTANBUR(7.  p.  34. 

SPAULDING,  J.  G.,  tidal  oV>8erver  at  North  Haven,  Penobscot  Bay, 
Me.,  p.  14. 

SPEAR  MOUNTAIN,  V.V.  Triangiilation  station,  p.  30. 

SPEEDWELL  (sclnxmer).  U.se  of.  in  Section  VI,  p.  38. 

SPR.VNDEL,  JULIUS.  Hydrogmphic  Division,  Coast  Survey  Office, 
p.  59. 

SPRING  (JREEN  VALLEY,  WIS.  Triangiilation  for  base-line  in, 
p.  47. 

STARR  KING.  N.  H.  Triangulation  station,  p.  15. 

STARS  FOR  OBSERVATIONS  OF  LATITUDE.  A  CATA- 
LO(iUE  OF,  by  J.  E.  Hilgard,  Assistant-in-charge,  Appendix  No. 
7,  pp.  83-129. 

STATISTICS  OF  FIELD  AND  OFFICE  WORK  of  the  United 
States  (’oast  Survey  to  the  close  of  the  year  1875 ;  Appendix,  No,  2, 

I  pp.  73-74. 

I  SAINT  A  UGUSTINE,  FLA.  Estimate  for  chart  of,  p.  4. 

I  STEADF.VST  (sloop).  Use  of,  in  Section  VI,  p.  37. 
i  STEARNS,  W.  H.,  AID.  Services  in  Se  ction  X,  pp.  49,  50,  55. 

,  STEILACOOM,  PUGET  SOUND.  Sounding  near,  p.  58. 

STELLWAGEN  (’UP.  Use  of.  by  Lieutenant-Commander  Sigsbeo, 
in  deep-sea  soundings  in  Gulf  of  Mexico,  p.  43. 

STEWART,  G,  A.  Division  of  Charts  and  Instruments,  ('oast  Sur¬ 
vey  ( )*ffice,  p.  64. 

STEWART’S  PASS.  p.  56. 

STOWELL  HILL,  IN  RtX^KINGHAM,  VT.  Triangulation  point, 
p.  15. 

STRAIT  OF  FUC.\.  Estimates  of  triangulntion  and  base-line,  p.  5. 

STRAIT  POINT,  CAL.,  p.  .54. 

STUMPY  POINT,  N.  C.  Hydrography  of,  pp.  2,  31. 

SUESS,  WERNER.  Divi.sion  of  Charts  and  Instruments,  Coast 
Survey  Office,  p.  64. 

[  SULLIVAN,  J.  A.,  ASSISTANT.  Determination  of  light-house 
positions,  p.  18. 

'  SUNKEN  R()(’KS  at  Isthmus  Cove,  Santa  Barbara  Island,  p.  51. 

1  SUNKEN  VESSELS  DANGEROUS  TO  NAVIGATION,  pp.  17, 

’  19.  27. 

SURVEY  (PHYSICAL)  OF  NEW  YORK  HARBOR,  by  Assistant 
H.  Mitchell,  pp.  21,  22,  also  Appendix  No.  10.  pp.  147, 185;  of  Great 
South  Bay,  N.  Y.,  pp.  23, 24;  of  the  Saint  John’s  River,  Fla.,  p.  36;  of 
j  Indian  River.  Fla,,  p.  37;  of  the  Mississippi  delta,  pp.  43,  44;  of 
Mississippi  River,  p.  46;  of  Monica  Bay,  Cal.,  p.  .50;  of  Catalina 
Island,  p.  .52. 

SURVEYING  PARTIES  UPON  THE  ATLANTIC,  GULF,  AND 
PACIFIC  COASTS  OF  THE  UNITED  STATES  during  the  sur- 
veyiDg-seasoii  of  187.>-'76.  Distribution  of  (.see  Appendix  No.  1, 
pp.  67,  72). 

SUSt^UEHANNA  RIVER.  Triangulation  near,  p.  26. 

SUWANEE,  GA..  p.  61. 

SUWANEE  RIVER.  FLA.  Surrey  of,  pp.  2,  40. 

SWAN  ISLAND,  ME.,  p.  12. 

SWISS  SURVEY.  Use  of  the  pendulum  in  the,  p.  7. 

T. 

TABLE  MOUNTAIN,  1X)WER  (L\LIFORNTA.  p.  50. 

TABLES  OF  RESULTS  OF  PHYSICAL  SURVEY,  NEW  YORK 
HARBOR,  by  Assistant  H.  Mitchell.  Appendix  No.  10,  pp. 
147,  185. 

TALCOTT.  GEORGE,  LIEUTENANT,  U.  S.  N.  Services  in  Sec 
tion  X,  ])]>.  51,  .52. 

TAMPA,  FLA.,  p.  .39;  soundings  off,  pp.  42,  43. 

TAMPA  BAY,  F’LA.  F!stiinate  for  engraving  chart,  p.  4;  depth  of 
I  chaiuiel.  p.  .38;  completion  of  survey  of,  p.  38. 

TAPPAN.  CHARLES,  AID.  Services  in  Section  II.  p.  22,  and  in 
i  S«‘ction  V'l,  p.  38. 

TAUNTON,  MASS.,  p.  18. 

TAUNTON  RIVER,  MASS.  Topography  of,  pp.  1,  18;  computa¬ 
tion  of  tertiary  triaugnlation  of  1874,  p.  61. 
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TAYLOK,  H.  C.,  ’LTEUTBNANT-COMMANDER,  TJ.  S.  N.,  IN 
COMiLAIO)  OF  THE  H  ASSLER  IN  CALIFORNIA.  Duplicates 
of  shore-line  of  Santa  Monica  furnished  to,  p.  60;  hydrography 
near  Santa  Barbara  Channel,  pp.  51,  52;  hydrography  of  Maro  Isl¬ 
and  Strait  and  Karquinea  Strait,  p.  54. 

TAYLOR.  Primary  station  near  Annapolis,  Md.,  p.  29. 
TEHATCHEPKE  PASS,  p.  55. 

TENNESSEE.  Mountains  of,  p.  35. 

TEXAS.  Estimate  for  continuing  survey  of  coast  of,  p.  4 ;  abstracts 
of  work  on  coast  of;  Section  IX.  pp.  47-49. 

THAMES  Rl  V  jsit,  CONN.  Estimate  for  chart  of,  p.  4;  triangula¬ 
tions  computed  of  1869  and  1874,  p.  6L 
THEORY  OF  ECONOMY  OF  REvSEARCH.  Note  on  the,  by  C.  S. 

Peirce,  assistant  (sec  Appendix  No.  14,  pp.  197-201). 

THOMAS,  M.  Tidal  Division,  Coast  Survey  Offtcc,  pp.  59,  60. 
THOMPSON,  J.  Ct.  Engraving  Division,  Coast  Survey  Office,  p.  63. 
THOMPSON,  W.  A.  Engraving  Division,  Const  Survey  Office,  p.  63. 
THOMSON,  SIR  WILLIAM.  Wire  sonuding-machiue  for  deep-sea 
work  snggested  by,  p.  43. 

TIDAL  DIVISION.  COAST  SURVEY  OFFICE.  Organization  of, 
pp.  59, 60 ;  reference  to  Mr.  Aver>%  hea<l  of,  pp.  24,  59. 

TIDAL  OBSERVATIONS.  In  New  York  Harbor,  pp.  1,  22;  esti- 
mates  for,  pp.  4.  5;  at  Isle  au  Haut  Bay,  p.  13;  at  North  Haven, 
Penobscot  Bay,  p.  14;  at  Boston  navy-yard,  p.  16;  at  Providence, 
R.  L,  p.  18;  at  Governor’s  Island,  N.  Y.,  p.  22;  at  Sandy  Hook, 
pp.  24,  25;  at  Delaware  City  and  Reeily  Island,  p.  27 ;  at  Old  Point, 
Comfort,  Va.,  p.  28;  for  the  Atlantic  coast  of  the  Southem  Stah‘8, 
to  be  recorded  at  Port  Royal,  S.  C.,  or  Femaudbia,  Fla.,  pp.  35,  49; 
at  New  Orleans,  pp.  45,*  46;  at  Saint  Thomas.  West  Imlies,  p.  49; 
at  Fort  Point,  Cal.,  p.  54;  at  Cuthlamet,  W.  T.,  p.  57;  at  Astoria, 
Oreg.,  p.  58;  at  Port  Townshend,  W.  T.,  p.  58;  at  Honolulu,  Sand¬ 
wich  Islands,  pp.  58,  68;  method  of  registering,  by  R.  S.  Avery, 
Appendix  No.  8,  pp.  130, 142. 

TIDE-GAUGE  at  Core  Sound,  N.  C.,  p.  32;  on  wharf  at  Saint  Teresa, 
Fla.,  p.  40 ;  at  Southwest  Pass,  Mississippi  delta,  p.  45 ;  forwarded 
to  Honolulu,  p.  58. 

TIDE-STATION  ESTABLISHED  AT  TAMPA,  FLA.,  p.  39. 
TILLAMOOK  BAY,  OREG.  Coast  topography  of,  p.  57. 
TILLAMOOK  HEAD,  p.  57. 

TIMBALIER  ISLAND,  MISS.  Soundings  off,  p.  43. 

TITTMAN,  O.  H.,  ASSISTANT.  Triangnlation  across  Santa  Bar¬ 
bara  Channel,  pp.  52,  53. 

TITUSVILLE,  FLA.,  p.  37. 

TOBACCO  ROW  MOUNTAIN,  VA.  Triaugulation  station,  pp.  30, 

62. 

TOM’S  RIVER.  Topography  of,  pp.  1,  25. 

TOPOGRAPHICAL  SURVEY  NORTH  OF  NEW  HAVEN, 
CONN.,p.  19. 

TOPOGRAPHY  OF  PLACENTIA  BAY,  ME.,p.l2;  of  Blue  HiU 
Bay,  Me.,  p.  12 ;  of  Bagaduce  River,  p.  13 ;  of  Penobscot  River,  Me. 
p.13;  of  Taunton  River,  Mass.,  p.  18;  of  coast  of  New  Jersey, 
p.  25;  of  Hillsboro’  Bay,  Fla.,  p.  38;  of  Cedar  Keys,  Fla.,p.  39;  at 
Cnbitt’s  Gap  and  Southwest  Pass,  Mississippi  delta,  p.  45 ;  between 
Monterey  Bay  and  Carmel  Bay,  p.  53 ;  (coast)  north  of  Bodega  Head, 
Cal.,  pp.  55,  56 ;  (coast)  near  Tillamook Tlay,  Oreg.,  p.  57 ;  of  Puget 
Sound,  W.  T.,  p.  58. 

TOPTON,  PA.,  p.  26. 

TORTUGA  S.  Sidling-lines  from  Cape  Florida  to  the,  traced  for  the 
Coast  PUot,  p.  38 ;  soundings  off,  p.  43. 

TRANQUILLON,  CAL.  At  base  of  which  ArgucUo  Station  is 
established,  p.  53.  ^ 

TRANSIT  OF  VENUS.  Reference  to  return  of  the  several  officers 
detailed  to  observe  the,  pp.  30, 31,  64. 

TREASURY  DEPARTMENT.  Professor  Davidson’s  report  on 
irrigation  and  reclamation  called  for  by  the  Unitetl  States  Senate, 
sent  through  the,  p.  55. 

TRIAN(}ULAT10N  OF  PLACENTIA  BAY,  ME.,p.l2;  in  New 
Hampshire,  p.  15;  of  Connecticut  River,  p.  18;  in  Section  II,  p.  20; 
near  New  York  City,  p.  22 ;  west  of  Fire  Island  Inlet,  N.  Y.,  p.  23 ; 
in  New  Jersey,  p.25;  in  Eastern  Pennsylvania,  p.  26 ;  in  Section 
IH,  p.29;  of  James  River,  Va.,  p.  29;  (primary)  in  Virginia,  pp. 
29,  30;  reconnaissance  for,  in  Virginia,  p.  30;  (primary)  In  South 
Carolina  and  Georgia,  p.  34 ;  of  Saint  John's  River,  Fla.,  p.  36 ;  of 
Sarasota  Bay,  Fla.,  p.  38 ;  in  Kentucky,  p.  42;  at  Cubitt’s  Gap  and 
Soathw^t  Pass,  Mississippi  delta,  p.  45;  of  Barataria  Bay,  La., 
p.  46;  of  the  Mississippi  River,  p.  46;  in  Wisconsin,  p.  47;  across 
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Santa  Barbara  Channel,  p,  52 ;  from  Point  Sur  to  Monterey  Bay, 
Cal.,  p.  53 ;  (primary)  across  the  Sierras  and  Sacramento  Valley, 
p.  55. 

TRIANGULATIONS:  ON  THE  ADAPTATION  OF,  TO  THE 
VARIOUS  CONDITIONS  AND  CHARACTER  OF  THE 
SURFACE  OF  A  COUNTRY.  By  C.  A.  Schott,  assistant, 
Appendix  No.  20,  pp.  391-399, 

TURKEY  POINT.  APPALACHEE  BAY,  p.  40. 

TYLER,  G.  W.,  LIEUTENANT,  U.  S.  N.  Services  in  Section  X, 
p.52. 

U. 

UNITED  STATES  COMMISSION  ON  FISH  AND  FISHERIES, 
p.  3. 

USELESS  HAY,  W.  T.  Auchorage-ground  developed  in,  p.  58. 

V. 

VAC  A,  CAL.  Signal  erected  at  .station-point,  p.  55. 

VAN  ORDEN,  C.  H.,  AID.  Serviees  in  So<*tiou  VIII,  p.  46. 

VEN  US,  TRANSIT  OF,  OF  DECEMBER,  1874.  Reference  to,  p.  31 
reference  to  retiini  of  observ  ers  of.  to  Coast  Survey  <luty,  pp.  54,  55. 

VICTORIA,  BRITISH  COLUMBIA,  p.  61. 

VINAL,  W.  I.,  SITB.VSSISTANT.  Services  in  Section  VI,  p.  36. 

VINEYARD  SOUND,  MASS.  Hydrography  of,  p.  1 ;  hydrography 
of  Handkerchief  SliojiJ,  p.  17. 

VIRGINIA.  Topography  between  boundary  of  Maryland  and,  pp. 
1,  28 ;  estimaU*  for  work  in,  pp.  3,  4,  5 ;  ahstmcts  of  work  in.  Sec¬ 
tion  III,  pp.  28-31 :  primary  trinngiilatioii  in,  pp.  29,  30,  34;  recon. 
naissanee  for  triaiigulatioii  in,  pp.  30,  31,  35. 

VIRGINIA  KEY,  FLA.,  p.  38 

VOLUSIA  BAR,  FLA.,  p.  36. 

W. 

WACCAMAW  RIVER,  S.  C.,  p.  33. 

WAINWRIGHT,  D.  B.,  AID.  Services  in  Section  X,  p.  63. 

WAINWRIGHT,  RICH.\RD,  LIEUTENANT,  U.  S.  N.  Hydrog¬ 
raphy  of  Pamplico  Sound,  N.  C.,  p.  31 ;  hydrography  of  Copano 
and  Saint  Charles  Bays,  Tex.,  pp.  47,  48 ;  report  on  the  cyclone  at 
Galveston,  September  16,  p.  48. 

WALKER’S  POND,  ME.,  p.  13. 

WALLON,  M.,  Minister  of  Public  Instruction,  Worship,  and  Fine 
Arts,  Paris,  France,  p.  9. 

WASHINGTON  CITY,  D.  C.  Magnetic  observation  at,  pp.  1,  29; 
triangnlation  near,  p.  29. 

WASHINGTON  NAVY-YARD,  D.  C.  Bench-mark  at  the,  p.  29. 

WASHINGTON  SOUND.  Estimate  for  hai*hor  of,  p.  5. 

WASHINGTON  TERRITORY.  Estimate  for  continuing  offshore 
soundings  on  coast  of,  pp.  4,  5 ;  reference  to  abstracts  of  work  in , 
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REI>ORT. 


United  States  Coast  Survey  Office, 

Washington j  December  2,  1876. 

Sir  :  I  have  the  honor  to  present  this  detaileil  report  on  tlie  pro^^ss  nnule  in  the  survey  of  the 
Atlantic,  Gulf,  and  Pacific  coasts  of  the  United  States  during  the  year-which  ended  June  30,  1876. 
The  rei>ort  will  contain,  as  usual,  separate  notices  of  tlie  work  done  in  the  localities  to  which  parties 
were  assigned,  and  in  general  the  statements  will  conform  in  resi)ect  of  arrangement  with  the  geo- 
gniphicid  order  observed  in  the  following  abstract,  a  copy  of  which  was  transmitted  to  the  depart¬ 
ment  in  October  last. 

Field -operations  in  the  course  of  the  fiscal  year  ending  June  30,  1876,  have  included  deep-sea 
soundings  between  the  coast  of  Maine  and  George^s  Bank ;  development  of  a  rock  near  Jeffrey’s 
lanlge ;  survey  of  islands  between  Isle  an  Haut  and  Mount  Desert,  and  of  the  western  shore  of  Blue 
Hill  Bay ;  soundings  in  Isle  an  Haut  Bay;  topogiai)hy  of  Northern  Bay  near  Castine,  including  the 
head  of  Bagaduce  River;  and  of  the  Penobscot  River  above  Bucksport;  tidal  observations  at  Noi*th 
Haven,  Penobscot  Bay,  Me. ;  revision  of  siiiling-directions  for  Coast  Pilot,  and  views  for  charts 
lietween  Eastport  and  Penobscot  entrance ;  obsers^ations  for  determining  the  coefficient  of  refraction 
near  Camden,  Me.;  triangidation  in  New  Hampshire;  soundings  near  Fletcher’s  Neck,  off  Old 
Orehaid  Beach,  and  at  Saco  River  entrance ;  tidal  observations  at  Boston,  Mass.;  determination  of 
positions  of  life-saving  stations  along  the  New  England  coast ;  soundings  near  Duxbur^-  Pier  Light 
and  Manomet  Point,  Mass.;  research  relative  to  deposits  in  Plymouth  Harbor;  hydrography  of  the 
eastern  approach  to  Nantucket  Sound,  and  near  Monomoy  Point,  Mass.,  also  of  the  southern  part  of 
Handkerchief  Shoal,  Vineyard  Sound,  Miiss. ;  topography  of  Taunton  River  between  Mount  Hope 
Bay  and  Weir  Village,  Mass. ;  tidal  observations  at  ProWdence,  R.  I. ;  determination  of  light  house 
positions  between  Hyanuis  and  Greeuport,  N.  Y. ;  triangulatiou  of  Connecticut  River  up  to  Hart- 
fonl;  toiK)graphy  acljacent  to  New  Haven  Harbor;  development  of  Cumberland  Shoal,  etist  end  of 
Long  Island,  and  of  the  passage  between  Gull  and  Plum  Islands ;  triangidation  near  the  boundary 
between  New  York  and  Massachusetts ;  revision  of  sailing-directions,  and  views  of  harboi*8  and  land¬ 
ings  m  Ijong  Island  Soiuid  and  the  Hudson  River ;  shore  line  survey  of  New  York  Harbor  from  the 
Narrows  to  Astoria  and  from  Castle  Point  to  Bull’s  Ferry ;  jdiysical  researches  and  observations, 
including  current  observations  in  Hudson  and  East  Rivers  and  New  York  Harbor,  and  development  of 
Shrewshurj"  Rocks,  coast  of  New  Jersey ;  tidal  observations  in  New  York  Harbor;  latitude  and  azi¬ 
muth  determinations  at  Beacon  Hill,  N.  J.,  and  connection  of  primary  station  point  with  triangulation 
of  New  York  Harbor ;  hydiography  of  Fire  Island  Inlet,  N.  Y. ;  triangulation  of  south  coast  of  Ijong 
Island  lietween  Babylon  and  Far  Rockaw^ay,  and  topograj)hy  east  and  west  of  the  former ;  also  at 
the  eastern  eiul  of  Great  South  Bay ;  tidal  observations  at  Sandy  Hook ;  toimgraphy  of  Bamegat 
Bay  and  vicinity  of  Tom’s  River;  reconnaissance  for  triangidation  in  Northern  New  Jersey,  and  in 
the  lichigh  Valley,  Pa. ;  hydrograjihy  of  the  Delaw  are  River  and  development  of  a  ledge  betw  een  Mar¬ 
cus  Hook  and  Chester,  Pa. ;  location  of  range-light  on  the  New  Jersey  side  of  same  river  above  Lis¬ 
ton’s  Tree,  and  topograiihy  of  sites  for  others  on  the  west  side  of  the  river  near  the  last-named  imint ; 
re<‘<>nnaissanee  for  triangidation  in  southeast  part  of  Pennsylvania;  physical  hydrography  of  Norfolk 
Harbor  anil  m^jacent  waters;  tidal  observations  at  Forticss  Monroe,  Va.;  topography  of  portion  of 
Smith’s  Island,  on  the  boundary  betw^een  Maryland  and  Virginia;  lines  of  level  between  Washing¬ 
ton  and  Annapolis;  magnetic  observations  at  Washington;  triangulation  of  James  River,  Va.,  from 
Cih’  Point  to  Richmond,  and  in  the  same  State  southward  along  the  Blue  Ridge,  including  deter¬ 
minations  of  latitude  and  azimuth ;  reconnaissance  for  triangulation  along  the  Blue  Ridge,  south 
3.  Ex.  37 - 1 
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and  west  of  LjTichbiirg,  Va.,  and  in  West  Virginia;  hydrography  of  Pamplico  Sound,  N.  C.,  along 
the  western  side  north  to  Stumpj^  Point ;  survey  of  Alligator  River  from  previous  limits  south  to 
Blunt’s  Canal;  latitude,  azimuth,  and  magnetic  observations  at  Sand  Island,  in  the  northern  x>art 
of  Pamplico  Sound;  hydrography  of  Core  Sound,  N.  C.,  and  of  Winyah  Bay  ami  Georgetown 
Bar,  including  the  mouths  of  the  Pedee,  Waccamaw,  and  Sampit  Rivers;  soundings  near  Edisto 
Island  and  at  the  north  end  of  Hunting  Island,  S.  C.;  triangulation  near  the  boundaiy  between 
South  Carolina  and  Georgia;  hydrography  of  Fernandina  Bar,  Fla.;  reconnaissance  of  Saint 
John’s  River,  Fla.,  from  Jacksonville  to  Lake  Monroe,  and  triangidation  and  shore-line  survey 
from  Jacksonville  to  Mandarin  Point;  survey  of  Indian  River,  Fla.,  soutliward  to  near  Cape  Can¬ 
averal;  hydrogmphy  of  Key  Biscay ne  Bay,  and  sailiug-liues  for  channels  across  Florida  Reef; 
triangulation  of  Sarasota  Bay,  Fla.,  and  toimgraphy  of  Hillsboro’  Bay;  hydrography  of  coast 
near  Sarasota  Bay,  and  of  Hillsboro’  Bay;  detailed  siuwey  of  Gulf  coast  of  Florida,  from  Suwanee 
River  to  Bowlegs  Point;  h.ydrograi)hy  of  Appalachee  Bay,  east  and  west  of  the  appi-oaches  to 
Saint  Mark’s  Harbor,  and  soundings  in  Saint  Joseph’s  Bay;  hydrography  of  the  northern  cotist 
of  the  Gulf  of  Mexico  between  Saint  Andrew’s  Bay  and  Mobile  Bay;  triaugulation  near  the 
boundary  between  Northern  Georgia  and  Alabama,  and  reconnaissance  in  the  latter  State  to  con¬ 
tinue  triaiigiilation  west  of  the  Atlanta  base-line;  triangulatiou  in  Southeastern  Kentucky;  deep- 
sea  soumiings  in  eastern  part  and  across  the  Gulf  of  Mexico,  with  observ  ations  on  currents  and  for 
temperature  and  density ;  special  survey  of  Cubitt’s  Gap  and  Southwest  Pass  (Mississippi  delta), 
with  cAUTent  and  tidal  observations ;  triangulation  and  topography  of  same  locahties ;  reconnaissance 
for  sui’vey  of  Barataria  Bay,  La.;  tidal  observations  at  New  Orleans;  survey  of  Mississippi  River 
from  Oakland  to  Reserve  Plantation,  and  special  examination  of  Bonnet  Carre  crevasse;  triaugula¬ 
tion  in  Wisconsin  between  Prairie  du  Chien  and  Madison;  soundings  completed  in  Copano  Bay, 
Saint  Charles  Bay,  Aiansas  Pass,  and  Corpus  Cliristi  Pass,  Tex.;  reconnaissance  for  triaugulation 
of  Laguna  Madre,  Tex.;  tidal  observations  completed  at  Saint  Thomas,  West  India  Islands;  recon¬ 
naissance  for  primary  triangidation  between  San  Diego  and  San  Pedro,  Cal.;  surv'ey  of  the  vicinity 
of  Santa  Monica  and  of  the  adjacent  coast  of  California;  soundings  in  the  vicinity  of  Santa  liosa 
and  San  Miguel  Islands;  inshore  hydrography  near  Point  Dume,  and  survey  of  Santa  Monica 
Bay ;  triaugulation  of  the  western  part  of  Catalina  Island ;  latitude  and  azimuth  determined  near 
Point  Concepcion,  Cal.;  triangidation  across  the  Santa  Barbara  channel  to  Santa  Cruz  Island; 
triangidation  and  topography  of  coast  between  Point  Sur  and  Monterey  Bay;  tidal  observations  at 
Fort  Point,  Cal.;  current  observations  in  San  Francisco  Bay;  hydixigraphy  of  Mare  Island  Strait 
and  Karquiues  Strait,  Cal.;  reconnaissance  and  main  triangidation  across  the  Sacramento  Valley, 
including  the  selection  of  the  Yolo  base-line ;  triaugulation  and  topography  of  coast  between  Bodega 
Head  and  Foi*t  Ross,  Cal. ;  erection  of  a  permanent  signal  on  Mount  Shasta,  Cal. ;  topography  and 
triangidation  of  the  coast  of  Oregon,  above  and  below  the  Nehalem  River,  and  continuation  of 
hydrography  of  the  Columbia  Rwer;  tkhd  observations  at  Astoria,  Oreg.;  hydrography  of  Admi¬ 
ralty  Inlet,  W.  T.,  from  Duwamish  Bay  to  Port  Madison;  tidal  observations  at  Port  Townshend, 
W.  T.,  and  at  Honolulu,  Sandwich  Islands. 

In  the  office  the  work  has  been  kept  uj^  to  the  field-work  of  the  preceding  season,  the  compu¬ 
tations  of  the  current,  geodetic,  trigonometrical,  and  tidal  observ  ations  hav  ing  been  duly  made, 
including  the  preparation  of  records  and  results  for  publication ;  tide-tables  for  the  principal  seaports 
of  the  United  States  for  the  year  1877  have  been  published;  the  drawing  of  seventy-seven  charts 
has  been  in  progress,  and  of  this  number  twenty-nine  hav  e  been  completed.  Twelve  new^  copper¬ 
plate  charts  have  been  begun,  one  hundred  and  two  have  received  additions  by  engrav  ing,  and 
twenty-three  have  been  finished ;  an  aggregate  of  twelve  thousand  copies  of  charts  has  been  issued 
in  the  course  of  the  year;  and  a  distribution  made  of  upwards  of  a  thousand  copies  of  the  annual 
reports  for  prev  ious  years. 

The  preparation  for  publicAition  of  the  second  v’olume  of  the  Atlantic  Coast  I^ilot  (extending 
from  Boston  Harlmr  to  New^  York  entrance  and  including  the  Hudson  River)  has  been  continued 
and  win  soon  be  completed. 
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ESTIMATES. 

The  estimates  for  continuing  the  survey  of  the  Atlantic  and  Gulf  coast  of  the  United  States 
are  intended,  to  provide  for  the  following  progress : 

— ^To  continue  the  topography  of  the  western  shore  and  islands  of  Passamaquoddy 
Bay  and  its  estuaries ;  of  the  coast  eastward  of  Penobscot  Bay  toward  Narraguagus  Bay ;  and  of 
the  shores  of  tlxe  Penobscot  near  Bangor ;  for  the  determination  of  heights  at  some  of  the  principal 
trigonometrical  points  between  Boston  and  the  Saint  Croix,  and  of  coefficients  of  refraction ;  to 
complete  the  hydrogrraphy  of  Penobscot  Bay  and  River,  and  continue  soundings  in  the  coast- 
approaches  eastward  of  Penobscot  Bay ;  to  continue  a  topographical  and  hydrograpliic  survey  of 
Portsmouth  Harbor ;  to  make  such  additional  triangulation  as  may  be  requisite  for  that  and  other 
8ur\'eys  ou  the  eastern  coast^  and  determine  the  position  of  new  bglit-houses  between  Eastport,  Me., 
and  New  York;  to  continue  soundings  along  the  coast  of  Maine,  and  other  offshore  hydrography 
between  Ca^ie  Ood  and  Manan,  and  make  special  examination  for  the  sailing-lines  for  charts ;  to 
continue  the  observations  of  sea  and  tidal  currents  in  the  Gulf  of  Mauie ;  to  continue  tidal  obser- 
\'ations  and  to  make  such  astronomical  and  magnetic  obsei  vations  as  may  be  required ;  to  continue 
such  topographical  and  hydrographic  resurveys  of  the  coast  between  Cape  Cod  and  New  York  as 
may  be  found  necessary ;  to  continue  the  survey  of  the  Connecticut  River  from  its  mouth  to  Hart¬ 
ford;  to  make  such  examination  as  may  be  required  in  New  York  Harbor  and  such  surveys  in  its 
vicinity  as  may  be  found  necessary,  including  a  toijographical  and  hydrographic  sun  ey  of  the  south 
coast  of  Long  Island ;  to  make  at  this  port  observations  on  tides  and  currents ;  to  extend  the  plane- 
table  survey  of  the  Hudson  River  above  Haverstraw ;  to  continue  the  triangulation  betw  een  the 
Hudson  River  and  Lake  Champlain;  to  make  the  requisite  astionomical  obseivations;  to  continue 
the  toi>ographical  and  hydrographic  surveys  of  the  coast  of  New^  Jersey,  and  of  Delaware  Bay 
and  River ;  to  connect  the  Atlantic  triangulatiou  with  that  of  Chesai>eake  Bay,  near  the  boundary¬ 
line  between  Maryland  and  Virginia;  to  complete  the  detailed  survey  of  James  River,  Va.,  includ¬ 
ing  the  hydrography ;  and  continue  the  plane-table  survey  of  the  Potomac  River;  to  continue  south¬ 
ward  the  main  triangulatiou  along  the  Blue  Ridge,  parallel  wdth  the  coast,  including  astronomical 
and  magnetic  observations ;  to  continue  the  supplementary^  hydrography  between  Cape  Heidopen, 
DeL,  and  Cape  Henry,  Va.,  and  in  Chesapeake  Bay ;  and  also  the  tidal  observations ;  to  measure  a 
base-line  of  verification  and  determine  azimuth  for  the  coasbtriangulation  south  of  Cape  Lookout; 
to  make  the  astronomical  and  magnetic  observations  requisite;  to  continue  the  off-shore  hydrography 
betw'een  Cape  Henry  and  Cape  Fear ;  to  continue  the  hydrography  of  Pamplico  Somid  and  its  rivers, 
and  that  of  Bogue  Sound,  and  sound  the  entrance  to  Cape  Fear  River ;  to  extend  northward  the 
primary  triangulation  along  the  eastern  and  southern  slopes  of  the  Alleghanies  in  North  Carolina 
and  Alabama;  to  continue  the  topographical  and  hydrographic  surv'ey  of  rivers  near  the  coast  of 
South  Carolina  and  Georgia ;  to  determine  azimuth  for  the  triangulatiou  of  the  coast  of  South 
Carolina  and  Georgia ;  to  continue  the  detailed  survey  of  the  sea-islands  and  water-passages  between 
Charleston  and  Savannah,  and  to  make  tidal  observations ;  to  continue  the  off-shore  hydrography 
between  Cape  Fear,  N.  C.,  and  the  Saint  John’s  River,  Fla. ;  to  continue  southward  from  Cape 
Canaveral  the  triangulation,  topography,  and  hydrography  of  the  eastern  coast  of  Florida,  includ¬ 
ing  Indian  River;  to  continue  the  triangulation,  topography,  and  hydrography  of  the  Saint  John’s 
River ;  to  make  the  requisite  astronomical  observations ;  to  continue  hydrography  off  the  eastern 
coast  of  Florida,  from  Mosquito  Inlet  to  the  southward ;  to  continue  soundings  and  observations  for 
sea-temperatures  in  such  parts  of  the  Gulf  Stream  as  may  be  deemed  advisable,  between  the  west 
end  of  Cuba  and  Nova  Scotia,  and  dredging  along  the  coast  within  the  same  limits,  in  conjimction 
with  the  United  States  Commission  on  Fish  and  Fisheries ;  to  continue  the  astronomical  and  mag¬ 
netic  observations  requisite  betw'een  Cape  Florida  and  Pensacola;  to  complete  the  triangulation, 
topography,  and  hydrography  of  the  western  coast  of  Florida  between  Cedar  Keys  and  Tampa  Bay; 
to  continue  the  same  classes  of  work  to  the  southward  of  Charlotte  Harbor ;  and  to  complete  the 
coast  between  Appalachee  Bay  and  Pensacola;  to  run  lines  of  soundings  and  make  observations  of 
aea-temjieratures  in  the  Gulf  of  Mexico,  and  develop  the  hydrogra])hy  of  the  Gulf  Coast  included  in 
field-operations ;  to  connect  the  trigonometrical  survey  of  the  Mississippi  River  at  New  Orleans  "with 
that  of  Lake  Borgne  and  Lake  Pontchartrain,  and  continue  the  trigonometrical,  topographical,  and 
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hydrographic  survey  of  Lakes  Poiitchartraiii  and  Maurepas,  and  of  the  Mississippi  River  above 
New  Orleans  the  head  of  sliip-na\igation  ;  to  determine  geograjdiical  positions,  and  make  the 
astronomical  and  magnetic  observations  requisite ;  to  extend  tlie  triangulation,  tojmgraphy,  and 
hydrography  of  Louisiana  westwanl  of  the  Mississippi  delta,  and  continue  the  hydrography  of  the  Gulf 
of  Mexico  between  the  month  of  the  Mis8i88i])pi  and  Galveston,  Tex. ;  to  e>ontinue  the  triangulation, 
toi)ography,  and  hydrography  of  the  coast  of  Texas  westward  between  Sabine  Pass  and  Galveston, 
and  between  Corpus  Christi  and  the  Rio  Grande  ;  to  measure  a  bfuse-line  of  verification,  and  make 
the  astronomical  and  magnetic  observations  requisite  between  Sabine  Pivss  and  the  Rio  Grande ;  to 
continue  the  hydrography  of  the  approaches  to  the  coast  of  Texas  ;  to  continue  the  determination  of 
the  positions  of  new  light  houses  and  life-sa\ing  stations  along  the  coast  l)etween  New  York  and  the 
Rio  Grande ;  to  continue  the  field-work  for  the  description  and  verification  of  the  work  for  the  Coast 
Pilot ;  to  continue  the  organized  system  of  magnetic  observations  required  for  a  complete  magnetic 
survey,  and  to  run  lines  of  levels  connecting  points  in  the  main  and  geodetic  triangulations  with  the 
sea-level. 

Office-work. — To  compute  results  from  the  field-operations  maxle  along  the  Atlantic  and  Gulf 
coasts,  including  astronomical,  geodetic,  geographical,  magnetic,  and  tidal  work ;  to  continue  the 
reproduction  of  the  original  topographical  maps,  and  to  plot  the  hydrographic  charts ;  to  continue 
the  drawing  of  the  general  chart  of  the  coast  from  Quoildy  Head  to  Cai)e  Cod,  and  of  charts  Nos.  1 
and  2,  showing  the  coast  of  Maine,  between  Saint  Croix  River  and  Petit  Manan  light-house;  to  con¬ 
tinue  the  drawing  and  engraving  of  chart  No.  3,  which  includes  Frenchman’s  Bay,  Mount  Desert 
Island,  Blue  Hill  Bay,  Isle  au  Haut  Bay,  and  their  approaches,  also  local  charts  of  Mount  Desert 
Island,  Union  River,  Eggemoggin  Reach,  Deer  Isle,  Head  Harbor  on  Isle  au  Haut,  and  Penoliscot 
River  from  Castine  to  Bangor;  to  complete  the  engraving  of  the  chart  of  Lake  Champlain ;  to  con¬ 
tinue  the  drawing  and  engraving  of  charts  of  Thames  River,  ami  of  Connecticut  River,  to  the  head 
of  na\igation ;  to  continue  a  new  chait  of  Long  Island  Sound;  to  continue  the  drawing  and  engrav¬ 
ing  of  charts  No.  22  and  No.  23  between  Barnegat  and  Cape  May ;  to  make  additions  to  the  charts 
and  sketches  lietween  New  York  and  Cape  Henry;  to  continue  the  drawing  and  engraving  of  a  new 
chart  of  Delaware  Bay  and  River,  and  to  complete  that  of  James  River ;  to  complete  the  engraWng 
of  charts  No.  42,  No.  43,  No.  44,  including  Pamplico  Sound;  and  continue  that  of  No.  45,  No.  40,  and 
No.  47,  showing  parts  of  the  Atlantic  coast  between  Cape  Hatteras  and  Cape  Lookout ;  and  to  con¬ 
tinue  the  drawing  and  engraving  of  charts  No.  51  and  No.  52,  between  Cape  Fear  and  Winyah  Bay; 
to  continue  the  drawing  and  engraving  of  a  new  chart  of  Georgetown  Harbor,  S.  C.,  and  to  make 
additions  to  the  charts  between  Cape  Henry  and  the  Saint  Mary’s  River ;  to  continue  the  drawing 
and  engraving  of  the  general  chart  of  the  coast  from  Saint  Mary’s  River  to  Cape  Canaveral,  and  of 
charts  No.  59,  No.  60,  and  No.  61  from  Saint  Augustine  to  Cape  Canaveral,  and  to  make  mlditions 
to  the  charts  of  the  coast  between  Saint  Mary’s  River  and  Cape  Florida ;  to  continue  the  drawing 
and  engraving  of  chart  No.  77,  Tampa  Bay,  and  of  No.  84,  No.  85,  No.  86,  and  No.  87,  showing  the 
Gulf  coast  between  Cape  Saint  Bias  and  Mobile  entrance ;  to  complete  the  drawing  and  engraving 
of  charts  No.  92  and  No.  93,  showing  Isle  au  Breton  Sound  and  the  Passes  of  the  Mississippi,  and 
the  general  charts  showing  the  sea-approaches  to  the  Mississippi  River ;  to  continue  the  draw  in g 
and  engraving  of  the  general  chart  of  the  coast  of  Louisiana  and  Texas,  from  Atchafalaya  Bay  to 
Galveston ;  to  continue  the  drawing  and  engraving  of  that  between  Galveston  and  the  Rio  Grande, 
and  of  chart  No.  110,  showing  Corpus  Christi  Bay;  for  material  for  drawing,  engraving,  mai)-print- 
ing,  for  electrotyping  and  photographing,  for  instruments  and  apparatus. 

Total  for  the  Atlantic  and  Gulf  coasts,  involving  work  on  the  coasts  of  the  following  States,  viz: 
Maine,  New  Hampshire,  Vermont,  Massachusetts,  Rhode  Island,  Connecticut,  New  York,  New^  Jei*sey, 
Pennsylvania,  Delaware,  Maryland,  Virginia,  North  Carolina,  South  Carolina,  Georgia,  Florida, 
Alabama,  Mississippi,  Louisiana,  and  Texas,  will  require  $440,000. 

The  estimates  for  continuing  the  survey  of  the  Pacific  coast  of  the  United  States  are  intended 
to  provide  for  the  following  progress : 

Field-work. — To  make  the  requisite  observations  for  latitude,  longitude,  azimuth,  and  the 
magnetic  elements  at  stations  along  the  Pacific  coast  of  the  United  States;  to  continue  oft’shore 
soundings  along  the  coast  of  California,  Oregon,  and  Washington  Territory,  and  tidal  observations 
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at  San  Francisco,  Port  Townshend,  and  such  otlier  localities  as  may  be  uecessarj’ ;  to  continue  the 
main  coast  tri  an  filiation  Irom  Monterey  Bay  to  the  southward,  or  from  Point  Concepcion  to  the  north¬ 
ward,  and  from  San  Pedro  toward  San  Die^o,  including  the  islands  off  that  part  of  the  coast ;  to 
continue  reconnaissance  for  the  main  triangulation  of  the  coast  from  San  Pedro  to  Point  Concep¬ 
cion,  from  Russian  River  to  the  northward,  from  Columbia  River  north  to  Puget  Sound,  or  south  up 
the  Willamette  Valley;  to  complete  the  reconnaissance  and  continue  the  primary  triangulation 
through  the  Sacramento  and  San  Joaquin  Valleys,  and  measure  a  base-line;  to  continue  the  coast 
triangiilatioii  and  topography  from  Newport,  Los  Angeles  County,  towanl  San  Diego,  and  that  of 
the  islands  off  that  coast ;  to  continue  the  tertiary  triangulation  and  topography  of  the  coast  north 
of  Point  Concepcion  toward  Point  Sal,  or  the  tertiary  triangulatiou  and  topography  from  Point 
Buchon  towaixl  Sail  Simeon;  to  continue  the  hydrography  between  San  Diego  and  Monterey  Bay; 
to  develop  tlie  hydrographic  changes  in  San  Francisco  Bay  and  its  approaches ;  continue  the  trian¬ 
gulation  and  topography  of  the  coast  between  Bodega  Bay  and  Point  Ai*ena ;  complete  hydrography 
between  Cape  Mendocino  and  the  Klamath  River ;  and  continue  that  between  Cape  Sebiustian  and 
Port  Orford,  with  that  north  and  south  of  and  in  the  approaches  to  the  Columbia  River ;  to  observe 
currents  along  the  coast,  and  take  soundings  and  temperature-observations  in  the  California  branch 
of  the  Knro-Siwo  Current,  and  exeeutesuch  other  hydrographic  work  as  local  demands  may  require; 
to  continue  tidal  and  current  observations  at  the  Golden  Gate,  and  observations  on  the  ocean-cur¬ 
rents  along  the  coast  of  California;  to  continue  the  triangulation,  topography,  and  hydrography  of 
the  Columbia  River ;  to  complete  the  detailed  survey  between  Cape  Sebastian  and  Crescent  City, 
and  offshore  hydrography  at  Ci^^ent  City  Reef;  to  measure  a  base-line  and  continue  the  tnangu- 
lation  of  the  Strait  of  Fuca  and  the  topograidiy  and  hydrography  of  Puget  Sound  and  adjacent 
waters;  to  continue  the  reionnaissauce  of  the  coasts  and  islands  of  Alaska,  with  observations  for 
tides  and  currents,  and  to  make  the  requisite  astronomical  and  magnetic  observ  ations ;  to  continue 
the  fiehl-work  for  the  description  of  the  coast  and  verification  of  the  Coast  Pilot  of  the  coasts  of 
California,  Oregon,  and  Washington  Territory ;  to  continue  the  organized  system  of  magnetic  obser¬ 
vations  require<l  for  a  complete  magnetic  survey ;  and  to  run  lines  of  levels  connecting  points  in  the 
main  and  geodetic  tri angulations  with  the  sea-level. 

Office-work. — To  make  the  computation  from  the  observations  made  in  the  field,  including 
astronomical,  geodetic,  geographical,  magnetic,  and  tidal  observations ;  to  continue  the  reproduction 
of  the  original  topographical  maps,  and  to  plot  the  hy<lrographic  charts ;  to  draw  and  ejigrave  the 
additions  on  the  general  chart  of  the  Pacific  coast  of  the  United  States;  to  continue  the  drawing 
and  engiaving  of  the  charts  of  the  coast  from  San  Diego  to  Point  Concepcion,  No.  1  and  No.  2 ;  to 
continue  the  engraving  of  a  new  chart  of  San  Francisco  Bay  and  Harbor,  in  three  sheets,  from 
resiirveys ;  to  continue  the  drawing  and  engraving  of  charts  of  the  coast  No.  6  and  No.  7  from  the 
Farallones  to  Cape  Mendocino,  of  No.  8  from  Cape  Mendocino  to  Saint  George’s  Reef,  of  No.  9  from 
Saint  George’s  Reef  to  Koos  Bay,  and  of  No.  11  from  Cascade  Head  to  Shoalwater  Bay ;  to  continue 
the  drawing  and  engraving  of  the  chart  of  Columbia  River  and  of  the  local  harbor  charts  of  the 
coast,  with  those  of  Puget  and  Washington  Sounds,  and  of  the  northwestern  coast;  for  material  for 
drawing,  engraving,  map-printing,  for  electrotyping,  photographing,  for  instruments  and  apparatus. 

Total  for  the  Pacific  coast,  invoUing  work  on  the  coasts  of  the  States  of  Cahfornia  and  Oregon, 
and  those  of  Washington  Territory’  and  Alaska,  wall  require  $245,000. 

For  extending  the  triangulation  of  the  Coast  Survey  to  fonn  a  geodetic  connection  between  the 
system  of  triangulatiou  along  the  Atlantic  and  Gulf  and  Pacific  coasts  of  the  United  States,  and 
assisting  in  the  State  surveys,  invohang  work  in  New  Hampshire,  Vermont,  (Connecticut,  New 
York,  Pennsylvania,  New  Jersey,  Virginia,  West  Virginia,  North  CaroUna,  Tennessee,  Alabama, 
Missouri,  Illinois,  Wisconsin,  Kentucky,  Kansas,  California,  Nevada,  and  Utah  Territory,  will 
require  $90,000. 

For  repail's  and  maintenance  of  the  complement  of  A  essels  used  in  the  Coast  Survey  will  require 
155,000. 

For  continuing  the  publication  of  the  observations  made  in  the  progress  of  the  Coast  Siuwey 
will  require  $10,000. 
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For  general  exi>enses  of  all  the  work,  rent,  fuel ;  for  transportation  of  instruments,  maps,  and 
charts ;  niiscellanenns  office-exi)en8e8,  and  for  the  purchase  of  new  instruments,  books,  maps,  and 
charts,  will  require  $40,000. 


PENDULUM-OBSERVATIONS. 

By  the  measurements  of  arcs  of  the  meridian,  the  approximate  figui'eand  magnitude  of  the  earth 
was  ascertained  at  an  ejirly  period  in  the  history  of  geodetic  surveys.  This  Wiis  matter  of  nex^essity, 
as  any  extended  survey,  in  respect  of  final  precision,  would  depend  on  knowledge  of  the  terrestrial 
outlines.  In  confirmation  of  the  result  from  ordinary  geodetic  processes,  the  average  figure  of  the 
earth,  though  not  its  magnitude,  has  been  inferred  also  from  observations  of  gravity  in  various  lati¬ 
tudes  by  means  of  the  pendulum.  This  was  the  first  method  employ  ed,  and  the  one  preferred  by 
Newton.  The  several  results  so  derived  have  be^n  long  on  record,  and  although  imi)erfect,  as  were 
the  instruments  and  methods  used  in  a  former  day,  the  results  are  in  such  general  accord  as  to 
warrant  the  application  of  refinements  in  apparatus  and  improvement  in  the  methods  of  observa¬ 
tion  that  had  not  been  reached  in  the  time  of  Borda  and  Biot.  Natural  difficulties  that  beset  the 
early  observers  of  course  yet  interfere. 

In  the  measurement  of  arc  local  deflections  of  the  plumb-line  affect  the  astronomical  amplitudes, 
and  the  pendulum  reveals  deviations  in  the  force  of  gravity  due  to  inequality  of  density  in  the  earth’s 
strata.  Hence  it  is,  notwithstanding  the  great  precision  w  ith  w^hich  latitudes  and  longitudes  are 
determined,  and  the  force  of  gravity  ascertained  at  any  one  point,  that  very  sensible  residuals  or 
apparent  errors  are  found  when  we  attempt  to  refer  these  results  to  any  geometricjal  form.  Tlie 
cause  of  these  discrepancies  or  station  errors”  being  beyond  reach  we  can  only  endeavor  to  infer 
from  all  attainable  sources  what,  under  the  denomination  of  figure  of  the  earth,  will  best  reconcile 
determinations  of  geographical  position.  Tlie  measure  of  the  force  of  gravity,  commonly  denoted  by 
the  letter  independently  of  wiiat  application  is  to  be  made  of  it,  is  universally  recognized  as  one 
of  the  results  due  in  a  geodetic  survey. 

Within  the  last  sixty  years  the  solution  of  the  problem  resiiecting  the  measure  of  the  force  of 
gravity  and  figure  of  the  earth  as  deduced  from  such  measures  has  l^een  aided  by  the  experimental 
researches  of  Kater,  Sabine,  Plantamour,  and  others.  Fresh  stimulus  in  the  inquiry  was  manifest 
in  1862,  when  the  Geodetic  Association  of  Europe,  after  due  examination,  recognized  the  pendulum 
as  an  instniment  of  great  precision,  and  apiiroved  of  its  use  in  geodetic  surveys.  Since  that  year  it 
has  been  einploj^ ed  in  the  great  trigonometrical  survey  of  India,  and  in  I860  and  1873  the  pendulums 
used  in  India  and  in  the  Russian  survey  w^ere  swung  at  Kew  Observatory,  England,  so  that  the 
results  obtained  at  widely-separated  positions  on  the  surface  of  the  earth  are  now  comparable.  They 
are  also  to  be  swung  in  Berlin. 

With  a  view  of  providing  for  a  comparison  of  the  pendulum-observations  of  the  Coast  Survey 
with  European  and  Asiatic  systems  which  have  been  further  advanced  practically.  Assistant  Chas. 
S.  Peirce  was  directed  early  in  the  spring  of  187o  to  procure  apparatus  of  the  invariable  and  revei^si- 
ble  pendulum,  and  to  observe  with  them  at  Paris,  Geneva,  Berlin,  and  Kew.  His  inquiries  on  the 
subject  in  Europe  include  also  the  details  of  the  most  approved  forms  of  apparatus  and  the  best 
methods  in  use  for  the  improvement  of  the  pendulum  as  an  instrument  for  geodetic  purposes.  Tlieo- 
retically  and  practically  the  study  is  such  as  to  require  extreme  care  and  special  attention  in  regard 
to  the  efficiency  of  the  vacuum-chamber,  the  elasticity  of  the  support.,  the  loss  of  energy  by  propa¬ 
gated  vibrations  in  the  stand,  the  real  teniiierature  of  the  pendulum-bar,  and  many  other  conditions. 
There  are  seveml  important  fonns,  including  that  proposed  by  Bessel,  but  the  two  forms  of  apparatus 
specially  referred  to  iu  this  notice  may  be  definetl  as  follow  s :  The  invariable  pendulum  is  a  plain  bar 
having  near  one  of  its  ends  a  knife-edge  by  which  it  is  suspended.  This  form  is  usually  employed  as 
a  differential  instrument,  and  for  general  use  it  therefore  requires  to  be  swung  at  a  station  where  the 
force  of  gravity  has  been  ascertained.  But  the  rev^ersible  pendulum  carries  a  knife-edge  near  each 
of  its  ends,  and  it  may  be  swung  from  either.  By  means  of  movable  weights  (the  use  of  w  Inch  has 
been  generally  abandoned)  the  rev^ersible  i>endulum  can  be  so  adjusted  that  when  swuing  by  either 
knife-edge  the  center  of  oscillation  will  coincide  with  the  opposite  knife-edge.  The  distance  tetween 


Digitized  by 


Google 


THE  UNITED  STATES  COAST  SURVEY. 


7: 


the  knife-edges  is  tlien  precisely  equal  to  the  length  of  the  mathematical  or  simple  pendulum  oscil¬ 
lating  in  the  same  time.  A  chief  advantage  of  the  reversible  pendulum  is  that  it  eliminates  the 
effect  of  buoyancy  and  resistance  of  the  air.  The  axes  of  suspension  being  interchangeable,  this 
iustnimeut  is  known  also  as  the  convertible  pendulum.  If  it  oscillates  in  a  second  of  mean  time  it 
is  known  as  tbe  seconds  pendulum,  and  the  force  of  gravity  at  the  place  may  be  deduced  from  accu¬ 
rate  measm'ements  of  its  length.  If,  as  usual,  its  oscillations  do  not  exactly  coincide  with  mean  time, 
a  small  correction  is  applied  to  its  measured  length  to  give  the  true  length  answering  to  coincidence, 
and  for  that  purpose  a  measure  of  the  position  of  its  center  of  gravity  is  requisite.  The  length  of 
the  reversible  pendulum  is  one  meter. 

In  the  Api>eudix  (No.  15),  a  paper  by  Assistant  Peirce  is  given  descriptive  of  his  pendulum- 
observations  at  European  stations,  and  also  a  scheme  for  a  history"  and  discussion  of  the  pendulum 
and  its  relations  to  gravitation. 

Assistant  Peirce  sailed  from  New  Y^ork  on  the  ^1  of  Aiml,  1875.  He  proceeded  at  once  to 
England,  wliei-e  he  ascertained  that  the  Kew  Obseivatorj^  is  regarded  as  the  initial  point  for  British 
pendulum-work.  This  observatory,  which  is  situated  in  the  old  deer-park  at  Richmond,  is  the  prop¬ 
erty  of  the  Crown,  but  the  oi)eration8  conducted  there,  which  are  chiefly  of  a  magnetical  and  meteor¬ 
ological  description,  have  been  kept  up  by  the  Royal  Society,  through  a  special  committee,  and  also 
by  the  Royal  Meteorological  Oflice.  R.  H.  Scott,  esq.,  who  diiects  the  Meteorological  Bureau,  is 
also  chairman  of  the  Kew  committee.  The  pendulums  of  the  Great  Survey  of  India  were  swung  at 
this  observatory,  both  before  and  after  the  operations  in  India,  the  observatory"  being  occupied  at 
first  by  Captain  Basseii  during  a  year  for  this  purpose,  and  afterward  by  Captain  Heavyside  dur- 
iiig  a  year  and  a  half.  It  is  believed  that  the  pendulums  of  Major-General  Sir  Edward  Sabine 
were  also  oscillated  here ;  in  any  case,  all  the  historical  English  pendulums  are  here  collected,  and 
can  be  swung  at  any  time  if  necessary.  By  the  action  of  the  American  minister.  General  Schenck, 
an  application  was  made,  through  the  British  Foreign  Oflice,  for  permission  to  exi)eriment  wdth  the 
American  apparatus  at  the  Kew  Observatory,  and  to  this  request  a  favorable  response  was  eventu- 
aUy  received.  Late  in  May,  1875,  Assistant  Peirce  proceeded  to  Germany,  where  a  Bessel’s  con¬ 
vertible  pendulum,  having  the  length  of  one  meter  betvreen  the  knife-edges  and  being  a  copy  of  the 
instrument  used  in  the  Prussian  survey,  had  already  been  ordered  of  the  Messrs.  Repsold.  It  may 
be  mentioned  that  the  convertible  i)endulum,  which  was  invented  by  Bohnenberger,  had  been  first 
seriously  employed  by  Kater.  Bessel,  however,  described  such  an  improvement  as  to  effect  the 
complete  elimination  of  all  effect  of  atmospheric  resistance  and  friction.  Long  after  Bessel’s  death 
this  improved  instrument  was  constructed  by  Repsold,  and  was  adopted  by  the  Swiss  surv  ey  and 
first  use<l  by  Professor  Plantamour,  w"ho  developed  the  method  of  employing  it.  It  is  now-  exclu- 
siv  ely  used  on  the  continent  of  Europe,  and  has  receiv^ed  the  unanimous  sanction  of  the  Intemational 
Geodetical  Association.  An  instrument  of  this  sort  had  been  ordered  by  the  Coast  Survey  at  the 
commencement  of  the  i>endulum-operations  in  1872,  but  owing  to  the  Messrs.  Repsold  being  then 
oecui)ieil  with  preparations  for  the  transit  ot  Yeniis,  the  api^aratus  was  not  completed  until  the 
spring  of  1875.  This  is  not  the  place  for  any  descriidion  of  this  instrument,  which  was  execute<l 
with  the  consummate  art  and  precision  for  which  this  celebrated  firm  of  mechanicians  is  distin¬ 
guished.  This  instrument  having  been  procured.  Assistant  Peirce  readily  obtained  from  Professor 
Forster,  the  eminent  director  of  the  Berlin  Observatory  and  president  of  the  Imperial  German  Com¬ 
mission  of  Weights  and  Measures,  the  permission  to  make  all  necessary  experiments  in  the  building 
of  the  Office  of  Weights  and  Measures  in  Berlin,  upon  the  very  spot  wheie  the  determination  of 
Bessel  had  been  made.  This  building  has  been  erected  exj)ressly  for  the  purpose  of  making  accu¬ 
rate  comparisons  of  standards  of  length.  It  is  built  with  v^ery  thick  walls  of  hollow-  brick,  and  the 
coiiqiarison  chambers  are  lined  with  systems  of  flues,  through  winch,  by  means  of  an  engine  in  an 
adjoining  building,  hot  air  ciin  be  conveyed  from  a  furnace  or  cold  air  from  an  ice-house.  This 
building,  which  will  serve  as  a  model  for  similar  buildings  in  other  countries  (as  it  already  has  in 
France),  is  the  most  suitable  possible  place  for  pendulum-experiinents.  The  building,  however,  was 
not  sufficiently  completed  in  the  summer  of  1875  to  allows  of  pendulum-experiments  being  made 
there  to  the  ^eatest  advantage.  It  was  thought  desirable  to  make  a  carefril  comparison  of  the 
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American  reversible  pendulum  with  that  of  Prussia,  celebrated  geodesist,  Lieuteuant-Geiieral 
Dr.  Baeyer,  the  director  of  the  Koyal  Prussian  Stirvey,  who  furthered  Assistant  Peiiv^’s  opera¬ 
tions  in  the  most  gratifying  manner  throughout  his  stay  upon  the  continent,  at  once  placed  the 
Prussian  instrument  at  his  disposal,  and  the  meter-scale  of  tliis  apparatus,  which  had  ali*eady  been 
carefully  compared  with  the  Prussian  normal  meter  at  different  tempenitures  by  Pmlessor  Forster, 
was  submitted  to  fifty  independent  series  of  comparisons  with  the  similar  scale  of  the  American 
standard  by  Assistant  Peirce.  These  operations,  whicli  yielded  a  very  satisfactory  result,  lasted 
until  July  7.  Assistant  Peirce  afterward  proceeded  to  Geneva,  where,  upon  the  retimi  of  I*rofessor 
Plantamour  (who  was  at  first  absent),  arrangements  were  mulily  ma<le  for  oscillating  the  reversible 
l)endulum  at  the  observatory  of  this  city.  Assistant  Peii'ce  had  thus,  at  the  outset  of  his  opera¬ 
tions  with  BessePs  pendulum,  the  signal  advantage  of  i*eceiving  the  counsels  of  the  distingiiishetl 
Havant  who  first  introduced  the  use  of  it,  and  who  has  studied  so  carefully  the  methods  of  its  manipu¬ 
lation.  Actual  experiments  were  made  upon  seventeen  days,  between  August  2G  and  September 
17.  The  method  of  making  the  expenments,  adopted  by  Assistant  Peirce,  may  here  In?  descril)ed. 
It  has  been  slightly  modified  from  time  to  time,  but  its  latest  form  is  as  follows :  On  the  first  day, 
the  rigidity  of  the  stand  and  the  position  of  the  center  of  graNuty  of  the  pendulum  are  measuied. 
The  next  day  is  devoted  to  comparisons  of  the  pendulum  and  standanl.  The  oscillations  iu*e  then 
commenced;  and  no  measures  of  the  pendulum  are  made  upon  days  devoted  to  these  exi)eriiuents. 
During  the  swingings  of  the  pendulum  the  liei)solds  “fiima^is  always  forward.  Each  day  the 
pendulum  is  first  swung  with  the  heavy  end  uj),  then  with  the  heavy  end  down,  and  then  with  the 
heavy  end  uj)  again.  Two  such  sets  of  experiments  are  sometimes  made  in  one  day,  but  this  is 
considered  rather  objectionable.  After  four  such  sets,  the  i>enduluni  is  remeasured  the  next  day. 
A  day  is  then  devoted  to  remeasuring  the  ii*ame  of  the  stand,  to  interchanging  the  knife-edges,  and 
to  determining  the  center  of  gravity  before  and  after  this  change.  In  interchanging  the  knife- 
edges,  they  are  never  reversed  end  for  end.  A  day  is  then  given  to  measuring  the  i)endulum. 
Four  more  sets  of  swingings  are  then  maile.  The  pendulum  is  then  again  measured  as  before,  and 
then  the  determinations  of  center  of  gravity  and  fiexure  are  repeated.  FiftiH^n  days  might  be  occu¬ 
lted  by  such  a  determination,  but  in  practice  it  is  necessary  to  vary  the  proceeding  more  or  less. 
The  times  of  oscillation  are  determined  by  observing  transits  of  the  penduliim  across  the  web  of  a 
telescope  and  registering  the  tune  upon  a  chronograph.  One  hundred  transits  are  observed  each 
time,  and  in  one  of  the  following  orders : 

A.  25  transits  from  right  to  left,  then  50  from  left  to  right,  then  25  from  right  to  left. 

B.  50  ti-ansits  from  left  to  right,  then  50  from  right  to  left. 

C.  50  transits  from  right  to  left,  then  50  from  left  to  right. 

D.  25  transits  from  left  to  right,  then  50  from  right  to  left,  then  25  from  left  to  right. 

Choice  is  made  between  these  methods,  so  that  the  signals  will  not  interfere  with  the  two-second 
breaks  of  the  chronometer,  which  affect  the  same  pen.'  Four  sets  of  transits  are  so  taken  that  at 
their  mean  times  respe<*tively  the  oscillations  of  the  pendulum  have  the  half-amplitudes  2^,  lo, 
and  JO.  Different  eye  pieces  are  useil  with  magnify  ing  powers  nearly  inversely  proportional  to  the 
amifiitudes,  so  that  the  apparent  velocity  shall  remain  constant. 

The  observatory  of  Geneva  is  a  small  building  with  one  main  room,  opening  by  large  glass 
doors  to  the  north  and  south.  The  floor  is  of  asphalt,  and  the  instminent  rested  uihui  the  fliKjr. 
There  was  necessarily  more  or  less  walking  about,  and  several  visitors  each  day  entere<l  at  the  glass 
doors  just  mentioned.  Assistant  Peirce  i-eceived  (‘very  jjossible  assistance  and  attention  from  Pio- 
fessor  Plantainoiu*  and  his  assistants,  but  it  is  necessary  to  note  the  fact  that  the  pla<c  was  hardly 
suitable  for  such  operations.  Observations  of  time  were  made  by  the  assistants  of  the  obsen  atory. 

At  Geneva,  Assistant  Peirce  set  up  a  micronuder  ui  front  of  the  pendulum-stand,  and  by  means 
ot  a  weight  passing  over  a  imlley,  whose  friction  was  determined,  he  measured  the  flexure  of  the 
8ni)port  of  the  pendulum,  and  determined  the  important  correction,  amounting  to  over  0*““*.2,  to  be 
api)lied  to  the  length  of  the  seconds  pendulum  on  account  of  the  swinging  of  the  stand  from  side 
to  side  as  the  pendulum  swings. 

Proceeding  to  Paris,  Assistant  Peirce  had  the  honor  and  advantage  of  attending  the  sittings  of 
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the  Interuational  Oeodetical  Association  and  of  its  standing  committee,  which  met  in  September, 
1875,  m  the  palace  of  the  Ministry  of  Foreign  Affairs.  The  whole  subject  of  the  pendulum  received 
a  thorough  discussion,  and  a  resolution  was  unanimously  passed  expressing  the  sympathy  and  inter¬ 
est  of  the  association  in  the  expetlition  of  Assistant  Peirce.  The  reversible  i)endulum  had  unfor¬ 
tunately  sustained  grievous  damage  in  transportation  from  Paris  to  Geneva.  Thus  one  of  the  great 
advantages  of  tlus  instrument  received  illustration  5  for  if  it  had  been  an  invariable  pendulum,  the 
connection  between  i>revious  and  subsequent  operations  would  have  been  entirely  destroyed;  whereas, 
with  the  existing  construction,  the  x>endulum  had  only  to  be  put  again  in  condition  in  older  to  give 
results  ijerfectly  comparable  with  those  which  had  gone  befoie.  During  the  interval  crciited  by  this 
accident  the  Geneva  observations  were  completely  reduced. 

Permission  was  granted  by  his  excellency  M.  Wallon,  Minister  of  Public  Instruction,  Worship, 
aud  the  Fine  AltIs,  for  oscillating  the  American  i>endulum  at  the  observatory  at  Paris.  M.  Leverrier 
affordtd  every  assistance ;  and  the  operations  were  conducted  in  the  great  Salle  du  Meridieu,  where 
the  pendulums  of  Borda,  of  Sabine,  and  others  had  i)reviously  been  swung.  The  experiments  were 
conducted  in  the  locess  at  the  northern  end  of  this  hall,  and  were  made  upon  eighteen  days,  between 
January  18  aud  February  29,  1876.  The  standard  clock  of  the  observatory  was  made  use  oil,  and 
its  correctioiis  were  furnished  by  the  observatory.  M.  Wolf,  the  well-known  astronomer  attached 
to  the  observatory,  to  whom  the  arrangements  for  the  exx)eriments  were  intrusted  by  the  illustrious 
director,  reudei’ed  Assistant  Peirce  in  the  most  gracious  manner  all  the  aid  that  this  magnificent 
institution  could  furnish. 


On  the  conclusion  of  the  experiments  in  Paris,  Assistant  Peirce  again  repaii’ed  to  Berlin,  and 
as  soon  as  the  great  comparing  chamber  of  the  Bureau  of  Weights  and  Measures  was  ready,  experi¬ 
ments  w^ere  commenced  there  upon  a  pier  at  the  northern  end.  As  before,  every  possible  assistance 
was  received  from  Professor  Forster  and  Lieutenant-General  Baeyer.  The  experiments  were  made 
upon  twentj^-four  days,  from  April  19  to  June  6, 1876.  A  clock  was  furnished  by  the  observatory, 
wliich  was  compared  with  the  normal  clock  whose  corrections  were  furnished  by  the  observatory. 

A  standard  meter  with  lines  and  also  cylinders  for  comparison  with  an  end  measure  was,  at  a 
8ul)sequeut  visit,  furnished  to  Assistant  Peirce  by  the  Imperial  Commission  of  Weights  and  Measures. 

After  the  experiments  in  Berlin,  a  favorable  resimnse  having  been  received  to  the  application  of 
Assistant  Peirce  for  permission  to  make  his  exi)eriments  at  the  Kew  Observatory,  he  went  to  En¬ 
gland  and  commenced  experiments  without  delay.  The  observations  commenced  in  June,  and  were 
iinlshed  in  July.  The  time  was  observed  by  Mr.  Henry  Farquhar,  with  the  transit  of  the  observa¬ 
tory,  iiud  four  chronometers  were  kept  running  at  once. 

Mr.  Peirce  arrived  at  Boston  August  26, 1876.  He  is  at  present  occuided  in  completing  the  con¬ 


nection  of  the  determinations  of  gravity  in  Europe  and  America. 


MAGNETISM. 


In  the  operations  of  the  survey  from  year  to  year,  determinations  have  been  made  of  the  vari¬ 
ation  of  the  compass  or  magnetic  declination,  and  also  of  the  dip  of  the  needle  and  the  magnetic 
intensity'.  Part  of  these  observations  were  merely  incidental  to  the  prosecution  of  other  branches  of 
the  w'ork,  but  in  that  way  much  information  has  been  gathered,  and  this  from  time  to  time  has  been 
combing  with  data  from  other  sources  for  the  means  of  marking  our  coast  charts  with  the  variation 
of  the  compass.  To  this  prime  necessity  in  the  interest  of  navigation  have  been  added  in  later 
years  increasing  inquiries  in  regard  to  the  bearing  of  lines  in  land-surveys  of  old  date.  Numerous 
inquiries  of  this  kind  have  been  answered  at  the  oflice,  but  thus  far  the  means  for  precision  have 
been  limited  by  the  scarcity  of  observations  in  the  interior.  In  the  course  of  the  coming  year  it  is 
proimsed  to  select  and  occupy  such  points  as  will  most  effectually  combine  with  those  at  which  the 
variation  of  the  compass  has  been  alreatly  determined  and  thus  to  gain,  as  early  as  possible,  the 
means  of  tracing  lines  for  equal  magnetic  declination  from  the  interior  across  the  coast  and  with 
assured  accuracy  to  continue  them  out  to  sea.  On  sketch  No.  2  all  the  magnetic  stations  occupied  by 
Coast  Survey  observers  between  1833  and  1877  are  marked.  At  all  of  these  the  declination,  and  at 
most  of  them  the  magnetic  dip  and  intensity  have  been  determined.  Several  of  the  stations  have 
S.  Ex,  37 - 2 
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been  reoccujiied  for  the  study  of  the  secular  change,  and  these  are  indicated  in  the  sketch  by  a  larger 
dot.  In  my  next  annual  report  such  stations  as  it  may  be  practicable  to  occupy  in  the  interior  dur¬ 
ing  the  fiscal  year  ^77-’78  will  be  indiciited  in  a  similar  sketch. 

LONGITUDE. 

The  first  notice  published  by  the  Coast  Survey  in  regard  to  the  use  of  the  electric  telegraph  for 
geodetic  purposes  appears  in  the  Coast  Survey  Report  for  1846,  in  which  the  method  devised  by 
officers  of  the  Coast  Sun'ey  for  determining  diflterences  of  longitude  is  fully  described  and  where  the 
first  results  are  given. 

Tliese  gave  difference  in  time  to  the  tenth  of  a  second  between  the  Naval  Observatory  at  Wash¬ 
ington  and  the  High  School  Observatory  at  Philadelphia.  In  the  course  of  a  few  years  all  the  details 
requisite  for  the  utmost  iirecision  were  completeil  in  this  office,  and  all  was  in  readiness  when  the 
opportunity  was  afforded  for  determining  by  that  method  the  difference  in  longitude  between  i>oints 
in  America  and  Europe. 

At  this  day  this  method  enjoys  extreme  favor  on  account  of  its  simplicity  in  theory  and  the  great 
^  accuracy  in  its  results,  in  Europe  as  well  as  in  America,  as  shown  by  its  wide-spread  application. 

On  sketch  No.  3  all  stations  of  which  the  longitudes  have  been  determined  by  the  sur\'ey  through 
the  means  of  the  electric  telegraph  between  the  year  1846  and  the  end  of  the  present  year  are  marked 
Tlie  connection  by  telegraph  between  the  stations  is  indicated  by  broken  lines. 
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PART  II. 

The  abstracts  which  follow  under  separate  heads  are  arran^red  in  geo^?rai)hical  order,  beginning 
^ith  mention  of  work  done  on  the  coast  of  Maine,  and  closing  with  notices  of  work  on  the  coast  of  Texas. 
For  the  Paciftc  coast,  the  abstracts  will  mention  first  the  operations  near  San  Diego,  and  proceeding 
northward,  will  close  with  a  description  of  the  operations  in  Washington  Territory.  Appeiubx  No. 
I  shows,  in  tabular  form,  the  distribution  of  surveying  parties  in  the  course  of  the  fiscal  year  ending 
June  30,  1876,  and  sketch  No.  1  exhibits  in  a  general  way  the  progress  so  far  made  in  the  main 
branches  of  the  survey.  In  the  concluding  chapter  of  the  report  vrill  be  found  a  brief  statement  of 
the  work  of  the  year  in  the  office,  of  which  the  details  have  been  conducted  as  heretofore  by  Assistant 
J.  E.  Hilganl. 

The  hydro^rraphic  inspector  of  the  Coast  Survey,  Commander  Edward  P.  Lull,  U.  S.  N.,  has 
earnestly  co-operated  in  the  arrangements  needfiil  for  such  of  the  parties  as  require  vessels.  Within 
the  year  three  steamers,  tliree  schooners,  a  small  steam-cutter,  and  two  steam-launches  have  been 
completed  and  equipped  in  accordance  with  plans  devised  to  insure  their  efficiency  in  the  service  for 
which  each  of  the  vessels  was  designed.  Of  the  old  vessels  entirely  worn  out  in  the  service,  seven 
have  been  sold  within  the  year. 

Lieut.  H.  E.  Nichols,  U.  S.  N.,  remained  on  duty  until  the  17th  of  December.  After  performing 
the  special  service  for  which  he  was  then  detached.  Lieutenant  Nichols  was  reassigned  to  the  Hydro¬ 
graphic  Division  on  the  16th  of  June.  All  the  original  hytlrographic  sheets  are  carefully  examined 
in  this  Division  in  advance  of  being  registered  and  deimited  in  the  archives. 

SECTION  I. 

ATLANTIC  COAST  OF  MAINE,  NEW  HAMPSHIRE,  MASSACHUSETTS,  AND  RHODE  ISLAND,  INCLUDING 
SEAPORTS,  BAYS,  AND  RIVERS.— (Sketches  Nos.  4  and  5.) 

Hydrography^  Gulf  of  Maine. — The  party  in  charge  of  Lieut.  Commander  C.  D.  Sigsbee,  U.  S.  N., 
assistant  in  the  Coast  Survey,  with  the  steamer  Blake,  was  in  effective  condition  on  the  coast  of  Blaine 
in  July,  1875,  and  resumed  hydrographic  work  late  in  that  month  on  Cashe’s  Ledge.  Special  attention 
was  first  given  to  the  development  of  the  vicinity  of  Ammen’s  Rock  on  this  ledge,  determined  by  Lieut. 
C.  H.  Da\is,  U.  S.  N.,  assistant  in  the  Coast  Survey  in  1848,  and  ha\dng  as  little  as  twenty-six  feet 
of  water.  Another  rock  was  found  by  Lieutenant-Commander  Sigsbee,  and  its  carefully  determined 
lK>sition  proved  to  be  about  four  miles  southwest  of  the  place  assigned  to  Ammen’s  Rock.  The 
depth  at  mean  low  water  on  the  rock  last  found  is  five  fathoms.  Current-obser\'ations  were  recordeil 
while  the  party  was  engaged  in  this  work,  which  was  prosecuted  with  frequent  intemiptions,  the 
weather  being  generally  either  foggy  or  stormy.  Early  in  Septeml)er,  and  after  riding  out  a  severe 
gale  of  several  days,  the  steamer  returned  to  Portland,  sounding  at  intervals  on  the  line  between 
that  port  and  Cashe’s  Ledge.  Later  in  the  month  Lieutenant-Commander  Sigsbee  repeated  sound¬ 
ings  on  the  same  line,  passed  around  the  ledge,  and  continued  soundings  tow^ard  Matinicus  Rock. 
From  thence  it  was  intended  to  extend  the  deep-seur  work  by  a  line  across  George’s  Bank,  but  the 
weather  proved  too  stormy  for  continuing  below  Jeflrey’s  Bank.  Soundings  were  repeated  bn  this 
line  on  the  return  to  Matinicus.  During  a  severe  gale  which  followed,  the  steamer  remained  in 
Rockland  Harbor,  but  operations  were  resumed  near  Matinicus  on  the  20th  of  September.  A  line 
of  soundings  was  extended  southward  and  westward,  and  then  southward  and  eastward  to  a  position 
on  the  line  which  had  been  previously  carried  south  of  Matinicus,  and  thence  onward  soundings  were 
recorded  to  the  southward  of  George’s  Bank,  a  depth  of  1,171  fathoms  being  found  where  the  work 
was  discontinued.  There  a  line  was  commenced  and  continued  to  Head  Harbor  light  house,  and 
from  the  end  of  this  latter  line  soundings  were  carried  to  Cape  Cod. 

Lieutenant-Commander  Sigsbee  reports  that  in  crossing  George’s  Bank,  some  of  the  soundings 
gave  as  little  as  10  fathoms  of  w’ater. 

Intending  to  complete  the  hydrographic  survey  of  the  vicinity  of  Cashe’s  Ledge,  the  steamer 
was  employed  early  in  October  in  sounding  on  a  course  between  the  ledge  and  Provincetown,  to 
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which  harbor  the  vessel  had  been  forced  for  shelter  from  a  hea\^  gale.  But  on  the  night  of  the  3d 
the  wind  and  sea  having  incre^ased  so  as  to  make  further  soundings  impracticable  near  the  ledge, 
the  course  was  changed  and  a  deep-sea  line  was  extended  toward  Cai>e  Porpoise.  The  heavy  weather 
which  had  prevailed  almost  continuously  having  constramed  the  postponement  of  further  operations 
in  hydrography,  Lieutenant-Commander  Sigsbee  proceeded  with  the  steamer  to  Portland  and  made 
an'angements  for  completing  the  office- work  resulting  from  the  service  performed  afloat.  Surface 
currents  were  observed  generally  at  all  the  positions  at  which  depths  were  determined.  Tlie  de\ices 
perfected  by  Lieutenant-Commander  Sigsbee  for  sounding  at  sea  with  wire  have  been  applied  with 
uniform  success  both  in  this  section  and  in  the  Gulf  of  Mexico.  His  operations  in  the  last  men¬ 
tioned  quarter  will  be  described  under  Section  YIII  in  this  report. 

The  statistics  of  work  done  by  the  party  in  the  steamer  Blake  on  the  coast  of  Maine,  include 
records  of  temperature  at  the  sea  bottom,  at  the  surface  of  the  water,  and  at  intermediate  depths, 
and  recoixls  of  the  density  corresponding  to  each  of  the  temperatures  thus  ascertained.  Specimens 
of  the  water  and  of  the  bottom  were  sealed  for  future  refeience  or  investigation. 


The  general  hydrographic  statistics  are : 

Miles  run  in  sounding .  .  2, 065 

Number  of  soundings . .  664 

Currents  observed  (stations) .  65 


Lieutenant-Commander  Sigsbee  was  assisted  in  the  hydrographic  oi^erations  here  noticed  by 
Lieut.  J.  E.  Pillsbury  and  W.  O.  Sharrer,  by  Masters  R.  G.  Peck  and  M.  F.  Wright,  and  by  Ensign 
W.  E.  Sewell,  U.  S.  N. 

Triungulation  and  topography  of  Plocentia  Bay^  Me. — In  continuation  of  the  plane-table  survey 
of  the  coast  of  Maine,  in  the  vicinity  of  Mount  Desert  Island,  Assistant  J.  W.  Donn  proceeded  to 
this  section  in  July  with  his  party  in  the  schooner  Scoresby.  In  order  to  pro\ide  points  for  topo¬ 
graphical  work,  several  stations  were  first  occupied  with  the  theodolite  on  Swan  Island,  and  hori¬ 
zontal  angles  were  measured  to  determine  by  triangulation  the  relative  positions  of  Pond  Island, 
Black  Island,  Long  Island,  and  others  in  that  immediate  neighborhood.  These  were  all  surveyed 
carefully  with  the  plane-table  in  August  and  September,  and  that  work  coiJi)letes  the  detailed 
topography  of  the  islands  of  Maine  as  far  eastward  as  Mount  Desert.  Fogs  prevailed  early  in 
August,  but  the  latter  part  of  the  season  was  more  than  usually  favorable  for  progress.  The 


statistics  of  the  work  are: 

Stations  occupied  . .  .  8 

Angles  measured .  135 

Shore-line  surveyed,  miles .  109 

Roads,  miles .  13 

Streams,  miles .  21 

Area  of  topography,  square  miles .  23 


Sixty-eight  islands,  large  and  small,  are  represented  on  the  plane-table  sheet  and  the  outlines 
of  thirteen  ponds.  Earlier  in  the  season  the  party  of  Assistant  Donn  was  employed  in  Section  II 
and  subsequently  in  Section  III.  Messrs.  F.  C.  Donn  and  F.  H.  Parsons  served  as  aids  in  the  plane- 
table  party. 

Topography  of  Blue  Hill  Bay^  Me. — In  previous  seasons  the  plane-table  survey  had  been  advanced 
eastward  by  Assistant  W.  H.  Dennis  to  the  vicinity  of  Blue  Hill  Bay.  Field-work  was  resumed  by 
a  party  under  his  charge  in  the  middle  of  July,  1875,  and  was  continued  until  the  20th  of  October. 
The  ground  mapped  by  the  party  includes  a  breadth  of  about  two  miles  along  the  western  shore  of 
Blue  Hill  Bay,  and  extending  northward  nearly  ten  miles  or  beyond  the  village  known  as  Blue 
HiU. 

An  extensive  salt-pond  and  several  post-towns  ale  among  the  details  represented  on  the 
topographical  sheet.  The  roads  following  the  coiu^e  of  the  shore -line  were  traced  as  in  all  like 
cases,  as  were  also  the  outlines  of  such  rocks  and  ledges  as  were  found  bare  at  low  water.  Mr. 
Dennis  was  aided  in  this  section  by  Subassistant  H.  W.  Bache  and  Mr.  S.  N.  Ogden.  Reference 
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will  be  made  tuiiler  Section  V  to  the  subsequent  operations  of  the  party.  The  statistics  of  work 
done  on  the  shore  of  Blue  Hill  Bay  are : 

Shore-line  surveyed,  miles .  42 

Roads,  miles . 43 

Area  of  details,  square  miles .  20 


Assistant  I>eniiis  found  the  weather  more  than  commonly  favorable  in  this  section. 

Hydrography  of  Isle  au  ffant  Bay^  Me. — Lieut.  J.  M.  Hawley,  U.  S.  N.,  assistant  in  the  Coast  Sur¬ 
vey,  sailed  from  Boston  on  the  12th  of  July,  1875,  with  his  party,  in  the  schooner  G.  M.  Bache.  On 
mudiinj];  Portland  the  stejim-launch  Sagadahoc  was  repaired  for  service  in  the  hydrography,  and  the 
two  vessels  arrived  at  their  site  of  work  in  the  eastern  part  of  Isle  au  Haut  Bay  before  the  close  of 
the  month.  Stations  of  the  triangulation  were  soon  identified,  and  signals  for  the  work  were  set  up 
without  delay.  Frequent  fogs  and  gales  interrupted  the  progress  of  the  party,  but  soundings 
were  rec^onled  at  all  favorable  intervals  until  the  20th  of  October.  The  hydrographic  sheet  resulting 
from  the  work  rei>resent8  the  water  space  and  depths  to  the  westward  of  Deer  Isle  and  betv\- een  it 
and  the  western  ends  of  Bradbury  and  Pickering  Island,  and  as  far  to  southward  as  Mark  Island. 
As  usual,  the  rocks  and  ledges  within  working  limits  were  carefully  developed.  Tidal  observations 
were  recorded  at  two  stations  for  an  entire  lunation,  and  at  several  temporary  stations  as  the  work 
ad\'anced.  In  reference  to  the  currents  near  Northwest  Harbor  and  Green’s  Landing,  Lieutenant 
Hawley  remarks:  ‘‘Although  the  rise  and  fall  of  the  tide  at  these  places  was  considerable  there 
seemed  to  be  but  little  tidal  ciurent,  vessels  invariably  swinging  to  the  wind.  In  sounding,  the 
currents  exi>erienced  were  few,  and  thase  yevy  slight.” 

The  bottom  as  developed  by  the  soundings  is  very  irregular,  and  where  rocky  is  covered  with 
kelp.  In  the  harbor  of  Deer  Isle  the  bottom  is  soft  mud,  and  affords  excellent  anchorage.  After 
dosing  work  for  the  season  the  steam-launch  was  laid  iqi  at  Bimit  Cove.  The  schooner  was  taken 
to  Baltimore  and  refitted  for  service  on  the  southern  coast.  A  synopsis  of  the  statistics  of  hydro- 


graphic  work  is  thus  given  in  the  report  of  Lieutenant  Hawley: 

Miles  run  in  soundings .  270 

Angles  measured .  1,824 

Number  of  soundings .  19,771 


During  the  winter  and  spring  of  the  present  fiscal  year  this  party  vrm  employed  on  the  Gulf 
coast,  as  will  be  mentioned  under  the  head  of  Section  VI.  On  the  coast  of  Maine,  Lieutenant 
Hawley  w  as  assisted  by  Master  G.  L.  Hanus  and  Ensign  J.  M.  Wight,  U.  S.  N. 

Topography  of  Bagaduee  River. — For  the  completion  of  this  work  Assistant  Hull  Adams  resumed 
oi)erations  early  in  July,  1875,  at  the  limit  of  his  survey  of  the  preceding  season.  After  mapping 
the  siuiace  details  in  the  vicinity  of  Northern  Bay  and  the  reefs  and  islands  adjacent,  a  second  plane 
table  sheet  was  completed,  showing  the  head  of  Bagaduce  River,  Walker’s  Pond,  Herrick’s  Bay- 
South  Bay,  the  contour  of  intervening  ground,  and  the  roads  that  traverse  that  quarter.  Among 
the  features  represented  are  the  villages  of  Brooksville  and  West  Broqksville  and  granite  quarries 
in  the  neighborhood.  The  detailed  survey  was  completed  on  the  15th  of  October.  Mr.  W.  E. 
McClintock  served  as  aid  in  the  field.  In  statistics  the  results  are : 


Shore  line  traced,  miles .  32 

Roads,  miles .  50 

Streams,  miles  .  51 

Area  of  topography,  square  miles .  28 


The  plane-table  sheet  last  refeired  to  essentially  completes  the  topography  of  the  coast  betw  een 
the  Penobscot  and  Blue  Hill  Bay. 

Topography  of  Penobscot  River,  Me. — The  surv^ey  of  the  shores  of  the  Penobscot  was  resumed  in 
the  middle  of  July,  1875,  by  Assistant  A.  W.  Longfellow  at  limits  near  Bucksport  and  Winteiqmrt, 
which  had  been  reached  in  the  work  of  previous  seasons.  On  the  west  bank  the  detailed  topo¬ 
graphical  survey  was  extende<l  upwards  to  Crosby’s  Narrows,  above  the  Sowndabscook  Branch, 
which  enters  the  river  about  a  mile  above  Hamixlen  Upper  Corner.  The  work  on  the  east  bank  was 
carried  to  a  corresponding  limit  in  the  town  of  Orriugtou.  On  both  sides  of  the  Penobscot,  a  mar- 
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gin  averaging  rather  more  than  a  mile  was  mapped  in  detail,  giving  a  considerable  aggregate  of 
contour  at  the  to^vns  of  Winteri>ort  and  Hampden,  and  also  along  the  east  side  of  the  river.  The 
character  of  the  topography  is  diversified;  but  the  promiueiit  features  on  the  i)laiie-table  sheet  show 
arable  and  wood  land  along  the  valley  of  the  Penobscot  and  the  roads,  farms,  and  surface  character¬ 
istics  generally.  The  survey  was  continued  until  the  4th  of  November,  but  with  many  interruptions 
of  bad  weather  during  the  latter  part  of  the  season.  Assistant  Longfellow  was  aided  by  Mr.  W.  C. 


Hodgkins.  The  statistics  of  work  are : 

Shore  line  surveyed,  miles  .  .  25 

Streams,  miles  . . 56 

Eoads,  miles .  43 

Area  of  topography,  square  miles .  18 


Tidal  obaervations. — At  North  Haven,  on  one  of  the  Fox  Islands  in  Penobscot  Bay,  an  excellent 
series  of  tidal  and  meteorological  observ  ations  begun  in  1870  has  been  continued  through  the  fiscal 
year  by  Mr.  J.  G.  Spaulding.  The  self-regulating  gauge  there  in  use  is  one  of  the  best,  and  being 
provided  with  means  for  circulating  hot  water  through  the  float-box,  the  register  has  never  been 
stopped  by  freezing.  When  stopped  at  short  inten^'als  occasionally  for  repairs,  the  series  of  observa¬ 
tions  have  been  continued  by  means  of  a  staft-gauge.  Every  high  water  and  low  water  li-om  the 
beginning  appears  on  the  record  of  this  station. 

Coast  Pilot — The  work  of  compiling  and  verifying  sailing-directions  has  been  continued  by 
Assistant  J.  S.  Bradford  with  a  party  in  the  schooner  Palinurus.  That  vessel  sailed  from  Norfolk 
on  the  13th  of  July,  1875,  and  continued  work  in  the  vicinity  of  New  York  until  the  4th  of  Septem¬ 
ber,  when  the  party  was  transferred  to  the  coast  of  Maine,  the  season  l>eing  then  favnrable  for  taking 
the  views  needed  for  chaits.  All  points  of  interest  about  Passamaquoddy  Bay  were  sketched  by  the 
draughtsman,  Mr.  John  E.  Barker,  previous  to  the  middle  of  September.  At  Eastport,  where  the 
strength  of  the  tide  was  sucli  as  to  make  it  doubtful  whether  the  Palinimis  woidd  be  of  service, 
Capt.  David  Evans  cordially  tendered  the  use  of  the  revenue  marine  steamer  Levi  Woodbury,  and 
with  that  vessel  the  work  in  the  vicinity  was  well  and  quickly  done. 

Between  September  24  and  the  20th  of  October  the  party  was  fully  occupied  in  revising  the  first 
edition  of  the  Coast  Pilot  and  making  views  of  the  coast  between  Passamaquoddy  and  Penobscot 
Bays.  Thirty-seven  views  of  intervenuig  pai*ts  of  the  coast  were  completed  satisfactorily. 

Broad  Cove  Eock  in  Portland  entrance  was  examined  on  the  way  southward,  its  crest  having 
been  reported  as  bare  at  extreme  low  water.  Careful  soundings  by  the  party  in  the  Palinurus  devel¬ 
oped  nothing  less  than  seven  feet  at  low  water.  Proceeding  direct  to  Boston  Harbor  close  inspection 
was  made  by  Assistant  Bradford  of  the  harbor  improvements  and  alterations,  and  corresponding 
changes  were  made  in  the  manuscrixit  of  the  Coast  Pilot.  At  the  end  of  October  the  vessel  left 
Boston  and  returned  to  New  York.  Work  done  in  the  vicinity  of  the  last-named  port  will  be  stated 
under  the  head  of  Section  H. 

On  the  coast  of  Maine  two  views  were  taken  of  ai)proache8  to  Eastport;  one  showing  the 
Wolves  (in  the  waters  of  the  British  provinces) ;  two  of  Little  Eiver,  Me. ;  tw  o  of  Machias  Bay ;  one 
of  the  entrance  to  Little  Kennebec  Eiver;  one  of  Englishman’s  Bay;  two  of  Moose-a-bec  Ee^uih;  one 
of  the  approaches  to  Head  Harbor ;  tw^o  of  Narraguagus  Bay ;  two  of  Petit  Manan  Island ;  tw  o  of 
approaches  to  Frenchman’s  Bay ;  one  of  Mount  Desert  Eastern  Pass ;  two  of  approaches  to  South- 
west  Harbor;  one  of  Bass  Harbor;  one  of  Blue  Hill  Bay;  one  of  the  entrance  to  Burnt  Coat  Harbor; 
two  of  Isle  au  Haut ;  two  of  Eggemoggin  Eeach ;  tw  o  of  Deer  Island  Thoroughfare ;  two  showing 
outlying  islands  of  Penobscot  Bay ;  two  of  Penobscot  entrance ;  two  of  Fox  Island  Thoroughfare ; 
one  of  Belfast  Bay ;  and  one  of  the  Penobscot  Eiver  entrance. 

Lieut.  C.  A.  Bradbury,  U.  S.  N.,  was  attached  to  the  party  in  the  Polinurus,  and  succeeileil  to 
the  charge  of  the  vessel  in  December,  as  will  be  referred  to  under  the  head  of  Section  H. 

Coefficient  of  refraction, — Valuable  series  of  observations  w  ere  recorded  in  July,  August,  and 
September,  1874,  at  Eagged  Mountain,  near  Camden,  Me.,  and  of  these  mention  w  as  made  in  my  last 
aimual  report.  Assistant  F.  W.  Perkins  then  determined  the  elevation  of  six  points  by  running  lines 
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with  the  spirit-level  from  tidal  bench-marks  in  the  vicinity  of  Penobscot  Bay.  Two  of  these  heights 
were  proved  by  tlie  use  of  the  barometer  and  by  measurements  with  the  vertical  circle. 

In  October,  1875,  Assistant  Perkins  returned  to  the  primary-station  point  on  the  summit  of 
Ragged  Mouiita-in,  and  repeated  his  measurement  for  height  with  the  spirit-level,  extending  the  line 
to  the  tidal  l>eucli-mark  at  Camden.  The  records  of  work  done  by  Mr.  Perkins  at  that  point  of  the 
primary  triangulation  show  the  hourly  observation  of  zenith  distances  as  measured  upon  outlying 
rignals,  the  heights  of  which  above  sea  had  been  pre\iou8l3"  determined.  These  measmeiiients 
were  originally  made  between  5  a.  m.  and  7  p.  m.,  and  another  series  on  only  one  object  during  the 
inter\^euiug  hours  of  the  night,  to  give  means  for  investigating  the  law  of  variation  in  atmospheric 
refraction  throughout  the  twenty-four  homs.  Series  of  hourly  barometric  observations  wei*e  recorded 
between  6  a.  m.  and  6  p.  m.  at  Itagged  Mountain,  at  Mount  Desert,  and  also  at  White  Head  light¬ 
house.  These  and  the  data  aftbrtled  by  the  other  observations  have  been  subjected  to  discussion  by 
Asidstant  C.  A.  Schott.  The  results  found  are  given  in  the  Ai)pendix  No.  17. 

TrianguJation  in  Neic  Hampshire. — ^On  the  1st  of  June,  1875,  Prof.  E.  T.  Quimby,  of  Dartmouth 
College,  took  the  field  for  continuing  this  work,  and  devoted  some  days  to  reconnaissance,  in  which 
signals  were  set  up  at  new  secondary  i)oints,  and  such  as  had  been  more  or  less  disturbed  by  the 
storms  of  the  preceding  winter  were  adjusted.  Stations  were  added  to  the  scheme  at  Stowell  Hill 
in  Kockinghaui,  Vt.;  Haw^k’s  Mountain,  in  Baltimore,  Yt.;  Mount  Washington,  and  the  mountain 
named  Starr  King,  in  New  Hampshire.  The  attention  and  labor  requisite  for  clearing  the  lines  of 
sight  were  given  at  the  outset  of  the  season  in  advance  of  resuming  angular  measurements  at  either 
of  the  stations.  Tliese  were  commenced  at  Croydon  Mountain  early  in  July,  and  the  horizontal 
angles  centei-ing  at  that  station  were  completed  by  the  2d  of  August.  The  following  extracts  j&x)m 
the  re^mrt  of  lhx)fe8Sor  Quimby  contain  a  clear  statement  of  the  progress  made,  and  a  gratifyuig 
reference  to  the  incidental  co-operation  of  Pmf.  C.  A.  Young,  the  able  astronomer,  also  of  Dartmouth 
College ; 

“  Besides  the  usual  observations  of  direction  with  the  24-iuch  theodolite,  and  measurement  of 
vertical  angles  with  the  vertical  circle,  several  evenings  were  employed  in  recording  astronomical 
azimutlis  for  w’hich  the  station  on  Croydon  Mountain  afforded  some  peculiar  facilities.  By  the 
comtesy  and  kindness  of  Professor  Young  we  were  enabled  to  make  our  station  near  the  observa- 
toiy  in  Hanover,  an  elongation  mark,  thus  gaining  advantage  in  distance,  and  saAing  the  time  of 
observing  an  extra  point  in  oiu*  day  work.  On  each  evening  on  which  azimuth  was  observed  Pro¬ 
fessor  Young  sent  the  true  time  for  determining  the  error  of  our  chronometer,  thus  saving  us  the 
trouble  of  observations  for  that  purpose.  The  professor,  moreover,  favored  us  by  a  i)ersonal  visit 
one  evening,  and  by  valuable  assistance  in  the  series  of  observations  then  recorded. 

‘‘-^Vfter  the  completion  of  work  on  Croydon,  the  camp  and  insti  uments  were  immediately  moved 
and  were  reset  on  Bald  Ledge,  in  Monroe,  N.  H.  On  accoimt  of  the  long  lines  to  be  observed  from 
that  station,  and  the  veiy'  unfavorable  weather,  the  observations  were  not  completed  till  September 
22,  when  the  instruments  were  transferred  to  Observatory  Hill  for  supi>lementary  measurements 
needful  at  that  station.’’ 

A  synopsis  api)ended  to  the  field-report  gives  as  statistics  of  the  work : 


Signals,  &c.,  observed  on .  101 

Number  of  observations . .  2, 220 

Observations  with  vertical  circle .  1, 524 


Twenty  imints  were  determined  in  geographical  position  in  the  course  of  the  season.  Professor 
Quimby  took  the  field  again  in  Jime  of  the  present  year  and  will  prosecute  triangulation  work  dur¬ 
ing  the  summer. 

Hydrography  of  the  approaches  to  Saco  River ^  Me. — ^The  supplementary  soundings  needled  for  com- 
l)letiiig  a  chart  of  the  vicinity  above  and  below  Fletcher’s  Neck  were  begun  on  the  12th  of  October  by 
Assistant  F.  F.  Nes,  who  had  previously  m  the  season  worke<l  at  two  other  localities  between  New 
York  and  Boston.  Off  Old  Orchard  Beach  some  of  the  requisite  lines  were  run,  and  at  intervals 
previous  to  the  end  of  the  month,  the  hydrography  was  filled  in  near  Fletcher’s  Neck  and  Whale’s 
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Kock  Ledge.  Additional  work  intended  was  laid  aside  in  consecjnence  of  the  severe  illness  which 
compelled  the  return  of  Mr.  Nes.  The  statistics  of  the  work  done  are  as  follows : 


Miles  run  in  sounding .  50 

Angles  measured .  347 

Number  of  soundings .  4, 328 


Tidal  observations, — Within  the  year  ending  June  30, 1870,  some  inteiTuptions  and  several  short 
stoppages  occurred  in  the  series  of  tidal  observations  at  Boston  navy-yard,  under  the  charge  of  Mr. 
H.  Howland.  The  gauge  is  one  of  the  old  form,  and  was  furnished  with  heating  apparatus,  but 
though  not  long  used  at  the  location,  mud  had  accumulated  around  the  tioat-liox,  rendering  the 
action  of  the  float  uncertain.  In  November,  the  instrument  was  moved  to  the  wharf  on  which  it 
had  been  used  formerly.  The  change  proved  advantageous,  and  further  means  will  be  taken  to  pre¬ 
serve  the  continuity  of  the  series.  Meteorological  observations  have  been  recorded  at  that  station 
as  heretofore. 

Life-saving  stations. — The  expediency  of  marking  the  original  topographical  sheets  of  the  Coast 
Survey  with  the  positions  of  all  the  life-saving  stations  having  been  decided  upon  in  conference 
wth  the  inspector,  Capt.  J.  H.  MeiTyman,  of  the  United  States  Kevenue  Marine,  direction  was  given 
to  that  effect.  The  details  of  the  service  were  iuti-usted  to  Assistant  F.  H.  Gerdes,  who  proceeded 
in  the  middle  of  July,  1875,  to  Rockland,  Me.,  accompanied  by  Mr.  C.  H.  Sinclair,  who  aided  in  the 
observations  requisite.  The  determination  in  position  of  each  of  the  94  stations  between  Quoddy 
Head  and  Cajie  May  was  made  by  various  methods.  ‘‘As  soon  as  the  general  locality  was  identified 
on  the  maps,  angular  measurements  were  taken  on  pennanent  objects,  such  as  light  houses,  old 
buildings,  sharp  points  of  topogmphy,  and  particularly  on  stations  that  hiul  been  occui)ied  for  tri- 
angulation  in  the  Coast  Survey.  Linear  measurements  were  in  all  cases  to  objects  tliat  were  not  too 
remote  from  the  life-saving  station,  and  the  general  topography  w^as  referred  to  when  that  on  the 
plane-table  sheet  showed  that  no  change  had  occurred  in  natural  features.”  For  the  present,  sta¬ 
tions  were  passed  by  at  which  no  reference-points  have  been  as  yet  determined ;  but  these  will  in 
time  be  included,  when  the  positions  can  be  ascertained  incidentally  and  without  incurring  any  con¬ 
siderable  outlay. 

The  report  of  Assistant  Gerdes  at  the  end  of  the  season  w^as  accompanied  bj"  two  quarto  note¬ 
books  containing  his  field-records  and  sketches,  and  the  angular  and  linear  measurements  made  in 
the  progress  of  the  work.  At  the  oflftce,  the  notes  were  carefidly  examined  wdth  respect  to  the  lati¬ 
tude  and  longitude  assigned  for  each  of  the  stations,  and  the  result,  w  hen  accn^pted  as  complete,  was 
applied  in  each  case  w  ith  a  note  of  the  date  on  which  the  determination  w’as  ma<le. 

Hydrography  nmr  Plymouth,  Mass. — In  the  vicinity  of  Plymouth,  Mass.,  supplementary  sound¬ 
ings  were  made  by  Assistant  F.  F.  Nes,  in  September,  1875.  Across  the  entrance  to  Plymouth 
Harbor  the  hydrography  was  revised,  and  also  along  the  eastern  side  of  the  spit,  betw  een  Pier  Head 
Station  and  Clifford  House.  Further  eastw  ard,  soundings  were  made  along  the  shore  from  Rocky 
Point  southward  to  Manomet  Point,  including  the  vicinity  of  White  Horse  Rock.  Five  shore-sig¬ 
nals  were  erected  for  tliis  work,  and  angles  were  observed  on  thirty-nine  stations.  The  oixlinary 


hydrographic  statistics  are : 

Miles  run  in  sounding .  109 

Angles  with  sextant .  367 

Number  of  soundings .  4, 413 


^\Tiile  prosecuting  the  supplementary  soundings,  observations  w  ere  recorded  for  determuiing 
the  level  of  mean  high  water,  and  also  that  of  mean  low  water. 

Assistant  Nes  was  subsequently  engaged  in  similar  w^ork  on  the  coast  of  Maine,  as  already 
mentioned,  and  previously  on  the  coast  of  Long  Island,  as  will  be  noticed  under  the  head  of  Sec¬ 
tion  II. 

Plymouth  Harbor,  Mass. — ^Assistant  Henry  Mitchell  has  pointed  out,  after  comparing  old  and 
new  maps  of  the  vicinity  of  Plymouth,  that  a  very  large  deimsit  has  taken  place  in  the  outer  rojid- 
stead,  south  of  Brown’s  Island,  since  the  \isit  of  De  Mons  and  Champlain  in  1605,  and  an  equally 
remarkable  deposit  in  the  main  ship-channel  since  the  survey  of  Charles  Blaskowitz  in  1774. 
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In  Appendix  No.  9  is  given  for  purposes  of  reference  heieafter  the  condition  of  this  port  for  the 
two  early  dates,  compared  with  the  condition  found  by  the  Coast  Survey,  allowing  only  the  limited 
credit  due  to  old  maps  in  respect  of  accumcy.  The  fact  that  these  deposits  liave  been  made  in  the 
deepest  places  witliout  much  alteration  of  shore-line  (judging  from  the  old  maps)  has  led  Professor 
Mitchell  to  conclude,  as  may  be  seen  by  his  paper  in  the  appendix,  that  part  of  the  material  has 
been  brought  into  this  vicinity  by  the  Barnstable  Bay  current,  which  he  discovered  and  reimrted  on 
when  assisting  the  United  States  commissioners  in  1860-’61  on  the  proposed  route  for  a  ship-canal 
across  Cape  Coil.  This  current  sweeps  around  the  bay,  pressing  upon  the  western  shore,  and  from. 
its  low  temperature  is  believed  by  Mr.  Mitchell  to  be  an  outcrop  of  a  stream  folloiring  the  bottom 
on  its  way  from  the  ocean.  Such  a  stream,  it  is  evident,  might  move  material  along  the  bottom  and 
cause  a  deposit  in  any  pocket,  or  re-entrant  angle  met  in  its  course.  The  localities  most  subject  to 
change  in  the  section  here  under  notice  were  surveyed  last  in  1853.  A  resurvey  not  being  needed 
now  for  practical  purj^oses,  the  general  circumstances  affecting  the  vicinity  ai*e  put  on  record  for 
action  when  the  matter  brought  to  notice  by  Assistant  Mitchell  can  be  tested  incidentally. 

Hydrography  near  Moiiomoy  Pointy  Maes. — With  the  steamer  Bache,  apart}"  in  charge  of  Lieut. 
Commander  J.  C.  Kennett,  U.  S.  N.,  assistant  in  the  Coast  Survey,  commenced  soundings  at  the  eastern 
approach  to  Nantucket  Sound  on  the  29th  of  July,  1875.  The  hydiography  was  extendeil  north 
and  south  from  the  Pollock  Rij^  light-vessel  about  twelve  miles  and  twenty  miles  to  seaward.  Inshore 
soundings  were  also  made  along  the  eastern  side  of  Monomoy  Point,  the  work  extending  about  live 
miles  along  the  beach,  above  and  below^  the  light  house.  Acting  Ensign  George  Glass  was  attached 
to  the  party  in  the  steamer  Bache.  Hydrographic  operations  were  closed  on  the  24th  of  September.' 
The  following  synopsis  api)ears  as  statistics  on  the  working-sheet: 


Miles  run  in  sounding .  224 

Angles  measured .  ...  .  . . .  915 

Number  of  soundings . .  5,385 


After  closing  this  service  the  steamer  was  refitted  for  the  performance  of  duty,  which  w"ill  be 
referred  to  in  this  report  under  the  head  of  Section  VI. 

Hydrography  of  the  Handkerchief  Shoal  ( Vmeyard  Sound). — This  w"ork  was  l>egun  by  Lieut.  R. 
D.  Hitchcock,  U.  S.  N.,  assistant  in  the  Coast  Survey,  on  the  28th  of  August,  1875,  with  his  party  in 
the  steamer  Gedney,  and  was  closed  on  the  9th  of  October,  after  which  date  the  vessel  was  refitted 
for  duty,  which  will  be  mentioned  under  the  head  of  Section  VII. 

Wliile  sounding  on  the  Handkerchief  the  tides  were  observed  at  Powder  Hole,  on  the  west  side 
of  Monomoy  Point.  The  space  sounded  includes  about  four  miles  of  the  south  part  of  the  shoal 
ailjacent  to  the  light-vessel.  East  and  west  the  lines  run  in  soundings  averaged  nearly  three 
miles.  The  general  statistics  of  the  w’ork  are : 


Miles  run  in  soundings .  74 

Angles  measured . . .  270 

Number  of  soimdings . . .  4,  890 


Lieut.  James  Franklin,  U.  S.  N.,  assisted  in  this  service,  and  also  in  Section  VII.  Masters 
John  Hubbard,  H.  C.  T.  Nye,  and  J.  L.  Hunsicker,  U.  S.  N.,  were  attached  to  the  party  in  the 
steamer  Gedney. 

On  the  Ist  of  September  Lieutenant  Franklin  was  rescue<l  from  imminent  peril  by  Masters  Nye 
and  Hunsicker  at  the  risk  of  their  own  lives.  Becoming  suddenly  exhausted  while  swimming,  the 
lieutenant  was  swept  astern  by  the  tide.  The  young  officeis  plunged  overboard  instantly,  and 
though  much  exhausted  m  the  effort,  sustained  Mr.  Franklin,  who  was  then  insensible,  until  all  were 
taken  from  the  water  by  a  boat  from  the  Gedney.  / 

In  recognition  of  the  prompt  gallantry  by  which  the  life  of  their  messmate  was  saved,  the 
namane  Society  of  Massachusetts  issued  silver  medals,  properly  inscribed,  to  Masters  Nye  and 
Hunsicker. 

WTiile  sounding  on  the  Handkerchief  Lieutenant  Hitchcock  was  informed  that  a  wreck  had 
sunk  on  Pollock  Rip  in  the  track  of  vessels.  Proceeding  to  the  place  the  wreck  was  foimd  in  seven 
fathoms,  but  dangerous  while  the  spars  held.  A  mark  was  placed  to  warn  vessels  from  the  wreck, 
and  notice  w"as  sent  to  the  Light-House  Board  with  recommendation  for  the  placing  of  a  buoy. 

8.  Ex.  37 - 3 
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Topography  of  Taunton  River^  Maos. — In  continuation  of  this  survey  Assistant  A.  M.  Harrison 
resumed  field- work  on  the  13th  of  July,  1875,  below  Fall  River,  and  prosecuted  the  topography  of 
the  banks  of  Taunton  River  steadily  until  the  close  of  November.  Including  the  ground  mapped 
last  year  in  the  vicinity  of  Somerset,  when  the  triaugulation  of  the  river  was  advanced  from  Prudence 
Island  to  points  within  three  miles  of  the  city  of  Taunton,  the  plane-table  work  has  produced  seven 
sheets  of  which  the  details  are  full,  and  the  scale  ample  for  any  puri^ose  of  future  local  improvement. 
In  its  progress  up  the  river  the  survey  included  Assonet  Bay  and  River,  a  tributary  of  the  Taunton, 
the  wharf  outlines  at  Fall  River,  and  the  villages  of  Somerset,  Dighton,  Berkley,  and  Weir.  The 
immediate  vicinity  of  Dighton  Rock  was  also  mapped  separately  on  a  large  scale,  and  such  particu¬ 
lars  of  interest  concerning  it  as  Mr.  Harrison  was  able  to  gather  by  incidental  research  were  embodied 
in  a  separate  paper  and  filed  in  the  office. 

The  ground  surveyed  along  the  banks  of  the  Taunton  presents  the  usual  topographical  charac¬ 
teristics  peculiar  to  a  long-settled  river-district.  Contour-lines  on  the  plane-table  sheets  show  suc¬ 
cessive  elevations  of  ten  feet  along  the  banks  as  far  up  as  Broad  Cove.  Between  Broad  Cove  and 
Weir  Village  the  lines  were  traced  to  show  each  rise  of  five  feet  in  ground  above  the  water-line. 

Assistant  Harrison  was  aided  in  the  field  by  Messrs.  Bion  Bradbury  and  W.  B.  French.  The 


following  are  statistics  of  the  field-work : 

Shore  line  surv^eyed,  miles . . .  56 

Marsh,  creeks,  and  ponds,  miles . . .  54 

Roads,  miles .  .  31 

Area  of  topography,  square  miles .  12J 


Mr.  Harrison  is  now  engaged  in  prosecuting  the  detailed  survey  in  the  \acinity  of  Taunton. 

Tidal  observations. — From  the  self-registering  tide-gauge  lent  to  the  city  of  Providence,  records 
of  four  consecutive  years,  ending  with  the  year  1875,  have  been  received  from  J.  H.  Shedd,  esq., 
civil  engineer.  These  were  accompanied  with  registers  showing  the  tabulated  high  waters  and  low 
waters  and  the  hoiu-ly  ordinates.  The  series  is  marked  by  frequent  interruptions  which  occurred 
especially  in  winter,  but  will  ultimately  be  useful  for  discussing  the  tides  of  Narragansett  Bay. 
The  instrument  is  yet  in  use  at  Providence  for  surveys  relative  to  a  system  of  sewerage  and  other 
local  improvements,  and  the  expense  attending  the  management  of  the  gauge  is  consequently  borne 
by  the  city  authorities. 

JAght-house  positions. — In  continuation  of  similar  work  prosecuted  in  the  preceding  fiscal  yeai’, 
Assistant  J.  A.  Sullivan  took  the  field  at  Greenport  (Long  Island,  N.  Y.)  on  the  Ist  of  July,  1875. 
In  the  course  of  the  season,  which  was  closed  November  8,  following,  the  positions  of  twenty  lights 
were  determined  between  Wood’s  Hole,  Mass.,  and  Greenport,  N.  Y.  The  determinations  include 
the  hghts  at  Cedar  Island,  Long  Beach,  Block  Island,  Faulkner’s  Island,  Manhasset,  Bass  River, 
Hyaunis,  Nantucket,  Brant  Point,  South  Bay  and  North  Bay,  Edgartown,  Cape  Poge,  West  Chop 
and  East  Chop,  Gay  Head,  Nobska,  Palmer’s  Island,  Wing’s  Neck,  and  the  light  on  Bishop  and 
Clerks,”  a  shoal  off  Hyannis.  These  are  distributed  at  intervals  in  a  stretch  of  about  a  hundred 
and  forty  miles  along  the  south  coast  of  New  England.  Exclusive  of  the  permanent  lights  the 
positions  of  four  light  ships  and  of  sixteen  fixed  objects  on  land  were  ascertained  by  observations 
with  the  theodolite.  The  general  statistics  of  the  work  afe : 


Signals  erected .  18 

Stations  occupied . 23 

Angular  measurements  with  theodolite . .  .  2, 850 


SECTION  II. 

ATLANTIC  COAST  AND  SEAPORTS  OF  CONNECTICUT,  NEW  YORK,  NEW  JERSEY,  PENNSYLVANIA,  AND 
DELAWARE,  INCLUDING  BAYS  AND  RIVERS.— (Sketches  Nos.  6  and  7.) 

Triangulation  of  Connecticut  River. — In  a  previous  year  stations  had  been  determined  along  the 
lower  part  of  Connecticut  River.  For  extending  the  work  upward  Assistant  R.  E.  Halter  took  tlie 
field  at  the  opening  of  the  present  fiscal  year.  He  readily  identified  the  stations  at  which  the  oi>er- 
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ations  had  been  discontinued,  and  selected  others  as  high  up  as  Hartford.  These  in  succession  were 
occupied  with  the  theodolite,  and  from  them  subsidiary  points  were  determined  for  use  in  the  topo- 
grapliical  survey.  The  triangulation  of  the  river  was  connected  with  the  primary  work  by  occupying 
Box  HiU,  a  point  well  determined  in  the  general  triangulation  of  the  coast  of  New  England.  Field¬ 
work  was  continued  until  the  middle  of  October.  Mr.  Hugh  Caperton  served  as  aid  in  the  triangu- 


lation-party.  The  statistics  of  work  are: 

Signals  erected  .  16 

Stations  occupied . 14 

Sets  of  observations  (six  repetitions  each) .  525 

Number  of  observations  recorded .  6, 698 


After  completing  the  records  and  computations  of  his  work,  Assistant  Halter  mmle  arrange¬ 
ments  for  field-service  on  the  coast  of  Texas,  as  will  be  mentioned  under  the  head  of  Section  IX. 

Topographical  mrvey  mrth  of  Ketc  Haven ^  Conn, — This  work  has  been  prosecuted  by  Assistant  R. 
M.  Bache,  with  the  aid  of  graduates  from  the  Sheffield  Scientific  School.  In  order  to  connect  the 
plane-table  survey  with  the  detailed  topography  of  the  harbor-shores,  a  tertiary  triangulation  was 
made  to  include  the  district  between  Woodbridge  and  North  Haven,  and  extending  northward  to 
Mount  Carmel.  Within  that  region  lines  were  carefully  run  with  the  spirit-level  to  an  aggregate  of 
twenty -two  miles  to  establish  bench-marks  for  contouring.  The  topography  is  in  close  detail,  and 
special  care  has  been  manifested  in  the  delineation  of  siuface-features.  Assistant  Bache  took  the 
field  in  July,  1875,  and  prosecuted  the  survey  until  the  following  January.  The  party  was  then  dis¬ 
banded,  and  the  maps  resulting  from  the  field-work  were  inked  and  completed  by  the  middle  of  April. 
In  May  last  Mr.  Bache  resumed  the  topographical  survey.  Mr.  Horace  Andrews,  as  heretofore, 
served  as  principal  aid,  with  other  members  of  the  Sheffield  school,  selected  for  their  steady  interest 
in  the  work.  The  details  mapped  in  the  course  of  the  year  make  the  following  aggregate  in  sta¬ 


tistics  : 

Shore-line  of  river,  creeks,  &c.,  miles .  110 

Roads,  miles .  138 

Area  of  toi>ography,  square  miles .  29 


Hydrography  of  Cumberland  Shoal, — Between  September  11  and  25, 1875,  the  passage  between 
Plum  Island  and  Gull  Island,  and  to  the  northward  and  eastward  of  it  the  rocky  bed  known  as 
Cumberland  Shoal,  were  sounded  by  Lieut.  C.  T.  Hutchins,  U.  S.  N.,  with  a  party  in  tlie  steamer 
Endeavor.  MiddU^  Rock  was  plotted  in  position  from  angles  taken  with  theodolites  on  Little  Gull 
light  house  and  GardineFs  Point  hght-house,  and  for  verification  the  rock  was  occupied  with  a 
sextant  for  measuring  the  angle  made  there  by  lines  leading  to  the  hght-houses. 

“  Between  Middle  Rock  and  the  eastern  end  of  Plum  Island  lies  between  two  rocks  an  old  boiler, 
part  of  the  wreck  of  one  of  the  revenue-cutters.  The  boiler  readily  offering  for  the  purpose,  its  i>osi- 
tion  was  accurately  detennined,  and  the  rocks  were  located  accordingly  on  the  chart.  In  range  with 
them,  and  about  three  hundred  and  fifty  yards  from  the  beach  of  Plum  Island,  a  rock  was  found  with 
only  six  feet  of  water  on  it  at  low  tide.  The  channel  between  the  island  and  IVIiddle  Rock  is  rocky 
and  dangerous.’^ 

On  Chimberland  Shoal  the  least  depth  found  was  fathoms,  in  a  position  correspombng  to  that 
assigned  by  Captain  Breese,  U.  S.  N.,  when  the  United  States  ship  Constellation,  under  his  com¬ 
mand,  struck  a  rock  off  the  east  end  of  Long  Island  in  the  preceding  year.  Because  of  the  limit  in 
time  available  for  the  work  near  Plum  Island,  the  state  of  the  tides  was  not  recorded  while  the 
soundings  were  in  progress  j  hence  the  depth  here  mentioned  is  to  be  understood  as  corresponding  to 
the  reduction  called  for  by  applying  a  prediction  for  the  state  of  the  tide  when  that  particular  sound¬ 
ing  was  recorded. 

The  statistics  of  the  work  are : 


Miles  run  in  sounding .  51 

Angles  measured .  1, 574 

Number  of  soimdings .  3,260 


Lieutenant  Hutchins  was  assisted  in  this  section  by  Master  S.  H.  May  and  W.  M.  Wood,  and 
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by  Ensign  H.  McCrea,  U.  S.  N.  The  party  was  subsequently  in  hydrographic  service,  as  will  be 
seen  under  the  head  of  Section  V. 

Triangulation. — In  continuation  of  the  field-work  in  this  section,  Assistant  Richard  D.  Cutts, 
after  needful  preparation,  occupied  Mount  Rafinesque,  near  the  eastern  border  of  the  State  of  New 
York,  early  in  July.  The  aid  in  the  party,  Mr.  J.  F.  Pratt,  as  soon  as  practicable,  cleared  the  lines 
of  sight  on  the  summits  of  Mounts  Equinox  and  Greylock,  and  brought  the  respective  signals  into 
view  from  the  theodolite-station. 

The  measurement  of  horizontal  and  vertical  angles  was  begun  at  Rafinesque  on  the  Ist  of 
August.  When  the  records  were  complete  for  that  station,  the  party  was  transferred  to  Greenwich 
Hill,  a  station  about  twenty -five  miles  to  the  northward,  where  similar  series  of  measurements  were 
recorded  by  the  7th  of  October.  A  feAV  days  after  the  instruments  were  moved  to  South  Adams,  in 
expectation  that  the  weather  might  admit  of  occupying  the  primary  station  Greylock  befoi*e  closing 
field-work  for  the  season.  The  summit  of  Greylock,  however,  was  covered  by  snow  on  the  13th  of 
October,  and  no  ready  means  were  at  hand  for  the  transfer  of  instruments  to  the  station.  A  sug¬ 
gestion  made  by  Mr.  Cutts  to  leading  residents  in  South  Adams,  in  regard  to  the  adxisability  of 
having  a  road  by  which  tourists  might  reach  the  top  of  the  highest  mountain  in  the  State,  was  favor¬ 
ably  received.  That  station  being  next  in  order  in  the  primary  series,  the  field-work  was  closed,  and 
the  party  disbanded  at  South  Adams,  to  resume  in  the  summer  of  1876.  On  returning  to  the  sta¬ 
tion  with  his  party  in  June  of  the  present  year.  Assistant  Cutts  was  gratified  to  find  that  the  prom¬ 
ise  of  the  inhabitants  had  been  fulfilletl.  By  a  practicable  road,  constructed  during  his  absence, 
the  party  and  instruments  were  moved  to  the  summit  of  Greylock,  which  is  about  3,500  feet  above 
tide- water.  When  this  report  closes,  Mr.  Cutts  had  all  preliminaries  arranged  for  the  measurement 
of  horizontal  and  vertical  angles.  The  statistics  of  work  at  the  stations  Mount  Rafinesque  and 
Greenwich  Hill,  which  were  occupied  in  the  summer  and  autumn  of  1875,  aie : 


Horizontal  angles  measured .  17 

Number  of  measurements .  1,  008 

Vertical  angles .  14 

Number  of  measurements .  180 


While  personally  engaged  in  the  field-work  of  his  own  party.  Assistant  Cutts  was  in  cone- 
spondence  with  several  observers  who  were  at  the  same  time  prosecuting  work  for  the  determination 
of  points  to  aid  in  the  geological  surveys  of  several  of  the  seaboard  and  interior  States.  The  work 
here  referred  to  will  be  mentioned  under  separate  heads  in  this  report,  and  in  accordance  with  the 
geographical  positions  of  the  several  localities. 

Coast  Pilot. — As  already  stated  under  the  head  of  Section  I,  the  party  of  Assistant  J.  S.  Brad¬ 
ford,  in  the  schooner  Palinurus,  arrived  at  New  York  soon  after  the  middle  of  July,  1875.  The 
weather  was  exceptionally  rainy  during  that  month  and  the  following,  but  advantage  was  taken  of 
every  opportunity  for  examinations  in  New  York  Bay  and  its  tributaries,  with  reference  to  notes 
and  revisions  for  the  Coast  Pilot.  The  last  three  weeks  in  August  were  8i>ent  in  similar  service  on 
the  Hudson  River.  Mr.  Bradford  then  transferred  his  party  to  the  coast  of  Maine,  but  returned  to 
this  section  early  in  November.  In  passing  Block  Island  Sound,  views  w  ere  taken  by  Mr.  J.  R. 
Barker,  the  draughtsman  attached  to  the  party,  and  thence  on  westw  ard  to  Sandy  Hook  all  points 
of  interest  were  sketched  as  features  for  comi)leting  the  local  or  general  charts  within  the  same 
limits.  The  artistic  skill  and  faithful  accuracy  evidenced  by  the  \1ews  are  subjects  of  special  remark 
in  the  final  report  of  Assistant  Bradford.  Lieut.  C.  A.  Bradbury,  at  the  outset  of  the  season,  was 
attached  to  the  party  in  the  Palinurus,  and  acted  as  executive  officer  and  sailing-master  while  the 
vessel  was  in  ser\ice  on  the  coast  of  Maine,  and  also  in  this  section.  He  had  in  the  course  of  the 
season  observed  the  methods  for  procuring  and  arranging  the  data  intended  for  the  Coast  Pilot,  and 
with  a  view  to  continuing  that  work  he  assisted  in  the  details  of  the  service  in  New  York  Harbor 
until  the  Ist  of  December,  when  the  vessel  sailed  for  Norfolk.  A  few  days  after,  the  Palinurus  was 
transferred  to  the  charge  of  Lieutenant  Bradbury,  and  was  employed  subsequently  in  duty  on  the 
southern  coast,  as  will  be  mentioned  further  on  in  this  report. 

During  the  winter,  Assistant  Bradford  prepared  for  publication  the  manuscript  of  a  second  vol- 
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ume  of  the  Coast  Pilot,  to  include  ports  and  harbors  between  Boston  and  New  York.  The  series  of 
\iew8  needful  for  this  volume  was  completed  in  June  of  the  present  year,  by  the  co-oi>eration  of 
Capt^  A.  C.  Kliiud,  U.  S.  N.,  light-house  inspector  of  the  third  district.  The  steamer  Putnam,  court¬ 
eously  tendered  by  Cai)tain  Khind,  was  at  the  service  of  Assistant  Bradford  during  four  days,  and 
in  that  interval  eleven  \iew8  were  drawn  by  Mr.  Barker  of  points  of  interest  along  the  Hudson. 
These,  with  previous  sketches,  make  an  aggregate  of  fifty-nine  views  of  the  Atlantic  coast  between 
the  northeastern  boundary  and  New  York.  Most  of  them  have  been  etched  on  copper,  and  the 
plates  are  ready  for  printing.  Those  taken  in  this  section  comprise  two  views  of  Montaiik  Point, 
two  of  Fire  Island  Inlet,  one  of  the  Highlands  of  Navesink,  and  sixteen  views  of  points  on  the 
Hudson  River. 

When  the  failing  health  of  Mr.  Edwin  Hergesheimer,  in  March  last,  rendered  him  unable  to 
conduct  the  details  of  work  in  the  Engraving  Di^ision  of  the  office.  Assistant  Bradford  was  assigned 
to  that  charge,  keeping  meanwhile  in  hand  the  adjustment  of  materials  for  the  Coast  Pilot,  in  which 
he  has  been  aided  by  Mr,  J.  W.  Parsons. 

Shm^e-lines  of  New  Torh  Harbor. — With  five  sheets  projected  for  the  piu^^ose.  Assistant  H.  L. 
MTiiting  took  the  field  early  in  July,  1875,  and  by  the  end  of  October  traced  and  mapped  the  shore¬ 
line  as  it  then  existed  for  the  greater  part  of  New  York  Bay.  One  sheet  represents  in  outline  the 
Narrows  as  high  uj)  as  Bay  Ridge  and  Snug  Harbor  Landing ;  another  contains  the  shore  line  and 
wharf-details  from  OwPs  Head  below  Gowanus  Bay  and  the  water-front  of  Brooklyn;  the  navy-yard ; 
the  vicinity  of  Newtown  Creek,  and  features  above  it  as  far  as  Astoria.  On  a  third  sheet,  containing 
the  wharf-oatlines  of  Jersey  City,  the  detailed  work  was  extended  above  Castle  Point  to  Guttenberg, 
and  was  continued  on  a  fourth  sheet  as  far  as  Bull’s  Ferry.  The  fifth  sheet  shows  in  position  the 
quarantine  jners  in  New  York  Bay.  Assistant  Wliiting  was  aided  in  this  work  by  Mr.  R.  B. 
Palfrey. 

Phymcal  mrvey  of  New  York  Harbor. — The  study  of  the  tides,  currents,  and  character  of  the 
deposits  in  New  York  Harbor  has  been  continued  by  Prof.  Henry  Mitchell,  and  the  advance  mmle 
justifies  the  publication  of  some  of  the  resulting  tables,  which  will  be  found  in  the  appendix  (No. 
10),  w  ith  explanatory  remarks  by  Mr.  Mitchell,  who  directed  the  observations. 

Tlie  practical  uses  to  which  such  tables  may  be  applied  for  locating  harbor-lines,  adjusting 
riparian  interests,  and  accommodating  private  to  public  i)urposes  in  the  extension  of  water-frontage 
for  conunerce,  will  be  obvious  on  examination.  The  completion  of  physical  research  will  reveal  also 
the  mutual  relations  of  different  parts  of  the  harbor  and  its  numerous  channels,  and  thus  the  injury, 
even  distant  and  indirect,  that  will  be  likely  to  result  from  irregular  or  excessive  encroachment  may 
be  predicted  with  confidence. 

This  survey  has,  of  necessity,  been  prosecuted  at  intervals,  and  differing  considerably  in  date  the 
observations  could  l)e  reconciled  only  by  a  large  amount  of  office-work.  Points  that  have  relatively 
the  least  force  in  the  compiled  data  are  indicated  in  the  report,  so  that  reliance  may  not  be  mis¬ 
placed. 

Tlie  tables  show  the  tramverae  sections^  the  mrve  of  velocity  from  shore  to  shore,  the  points  about 
which  the  areas  and  volumes  balance  each  other  (mid-area  and  mid-volume),  &c.  From  these  data 
the  relations  of  the  channels  to  the  streams  which  frav  erse  them  may  be  known  in  a  general  way, 
though  the  diversity  of  material  of  beds  and  banks  in  partly  alluvial,  partly  rocky  neighborhoods 
somewhat  complicates  the  phenomena. 

The  plan  for  observations  in  ejich  season,  after  being  arranged  by  Mr.  Mitchell,  is  intrusted  for 
the  prosecution  of  details  to  Assistant  H.  L.  Marindin  with  a  party  in  the  schooner  Research.  Mr. 
J.  B.  Weil*  servetl  as  aid  in  this  section  and  also  in  Section  VIII,  under  which  head  notice  will  be 
made  of  the  subsequent  work  of  the  same  party. 

Tlie  statistics  of  the  work  done  in  New  York  Harbor  during  August,  September,  and  October, 


1875,  are  : 

Stations  occupied .  8 

Signals  erected . 10 

Current-observations  ...  .  4, 783 
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Tidal  observations  were  recorded  at  five  stations.  Seventeen  tran8^  erse  sections  w^ere  deter¬ 
mined  by  observations  at  ninety-six  positions  in  the  sections.  Assistant  Mitchell  rejmrts  that  the 
space  from  the  Narrows  up  to  Seventy-ninth  street,  on  the  Hudson,  and  to  Hell  Gate  on  the  East 
Eiver,  may  now  be  regarded  as  gauged  in  accordance  with  the  plan  marked  out  in  the  beginning  of 
the  physical  survey. 

After  the  completion  of  a  local  survey,  which  will  be  mentioned  under  the  next  head,  Lieut.  H. 
O.  Handy,  U.  S.  N.,  assistant  in  the  Coast  Surv^ey,  with  his  party,  in  the  steamer  Arago,  co-operated 
with  Assistant  Mitchell  in  regard  to  details  in  the  physical  survey  of  New  York  Harbor.  During 
September  and  October,  1875,  the  Arago  worked  in  conjunction  with  the  schooner  Research  in  deter¬ 
mining  currents  in  Hudson  River,  in  New  York  Upper  Bay,  and  in  the  east  channel  of  East  River. 
Twenty-three  stations  were  occupied  along  ten  bnes.  The  positions  were  ascertained  by  the  meas¬ 
urement  of  eight  hundred  and  fifteen  angles,  and  the  velocity  of  the  current  by  fourteen  hundred 
and  thirty-two  observations.  While  the  Arago  was  employed  on  the  sections  for  recording  currents, 
tidal  observations  were  simultaneously  recorded  at  Governor’s  Island,  and  at  two  stations  in  East 
River. 

Lieutenant  Handy  was  assisted  in  this  service  by  Master  W.  P.  Ray  and  Ensign  F.  H.  Lefavor, 
U.  S.  N.  Closing  work  on  the  2d  of  November,  Lieutenant  Handy,  a  few  days  after,  passed  the 
steamer  through  the  Delaware  and  Raritan  Canal,  and  laid  up  the  vessel  at  Baltimore. 

Shrewsbury  RocJcs. — For  developing  by  soundings  the  \icinity  of  tlie  rocks  off  Shrewsbury  Inlet, 
south  of  Sandy  Hook,  Lieutenant  Handy,  with  a  party  in  the  steamer  Arago,  made  preparation 
late  in  July,  1875.  As  the  best  available  point  on  shore,  the  position  of  the  telegraph-station  was 
determined  for  reference  in  sounding.  While  the  work  was  in  progress  the  tides  were  observed  at 
the  government  wharf  at  Sandy  Hook  during  each  five  minutes  of  the  day.  The  hydrography  was 
l)rosecuted  at  all  intervals  admitting  of  work  between  tlie  9th  and  30th  of  August,  but  the  weather 
was  generally  unfavorable.  The  statistics  of  the  work  are : 


Miles  run  in  sounding . 55 

Angles  measured .  578 

Number  of  soundings .  1,524 


The  subsequent  work  of  the  party  in  the  Arago  was  mentioned  under  a  preceding  heml,  in  its 
proper  geographical  order. 

Tidal  observations. — The  series  of  tidal  observations  at  Governor’s  Island,  in  New  York  Harbor, 
has  been  continued  through  the  year  very  successfully  by  the  obsen  er,  Mr.  R.  T.  Bassett.  Though  of 
the  old  form,  the  apparatus,  by  the  experience  and  care  of  Mr.  Bassett,  was  made  to  work  well 
throughout  the  winter,  with  the  free  apidicatiou  of  hot  water  when  ice  was  bkely  to  impede  action 
in  the  fioat  of  the  gauge.  •  The  same  observer  recorded  day -observations  with  a  box-gauge  at  Ham¬ 
ilton  Avenue  Ferry,  in  Brooklyn,  for  comparison  with  the  series  at  Governor’s  Island. 

In  my  annual  report  for  the  year  1875,  a  paper  was  given  showing  the  results  of  discussion  by 
Prof.  Wilbam  Ferrel,  based  on  the  continuous  series  of  tidal  observations  which  have  been  main¬ 
tained  at  the  permanent  station  in  New  York  Harbor. 

Triangulation  near  New  York  City. — ^As  incidental  to  the  determination  of  latitude  and  azimuth 
at  Beacon  Hill,  N.  J.,  one  of  the  primary  stations  occupied  at  an  early  period  in  the  surs'cy  of  the 
coast.  Assistant  G.  W.  Dean,  in  the  course  of  the  smnmer  of  1875,  connected  that  station  by  angu¬ 
lar  measurements  with  the  principal  points  used  in  the  survey  of  New  York  Harbor.  Careftil 
reconnaissance  resulted  in  the  selection  of  eleven  stations,  at  seveii  of  which  signals  were  set  up. 
The  daily  smoke  near  the  city,  as  was  expected,  much  delayed  the  measurement  of  horizontal  angles 
at  Beacon  Hill,  where,  however,  other  work  was  in  progress  during  the  season,  as  will  be  stated 
under  the  next  head.  The  statistics  of  the  triangulation  are : 


Signals  erected .  7 

Angles  measured .  11 

Number  of  observations .  1,246 


The  angles  at  Beacon  Hill  were  measured  with  a  12-inch  repeating  theodolite.  Assistant  Dean 
was  aided  in  this  service,  and  also  in  astronomical  observations,  by  Messrs.  J.  B.  Baylor  and  Charles 
Tappan. 


Digitized  by 


THE  UNITED  STATES  COAST  SUEVBY. 


23 


Latitude  and  azimuth  at  Beacon  Hillj  N,  J. — ^The  station-marks  placed  at  Beacon  Hill  in  1839 
having  been  identified,  as  mentioned  in  my  last  annual  report,  and  provision  made  for  mounting  the 
requisite  astronomical  instruments,  Assistant  Dean  was  there  in  readiness  at  the  close  of  July,  1875, 
for  determining  azimuth  with  the  46-inch  transit,  No.  5.  The  instrument  was  adjusted  on  a  brick 
pier,  directly  over  the  geodetic  station.  Measurements  made  with  the  micrometer  upon  the  star  d 
Ursse  Minoria  near  upper,  and  on  51  Cephei  near  its  lower  culmination,  were  referred  to  a  meridian- 
mark  about  eig^lit  miles  north  of  Beacon  Hill.  One  hundred  and  seventy-nine  observations  were 
recorded  on  six  nights.  The  angle  between  the  meridian-mark  and  the  primary  station  on  Weasel 
Mountain,  in  the  northern  part  of  the  State  of  New  Jersey,  was  carefully  measured  with  a  12-inch 
theodolite. 

At  Beacon  Hill,  Mr.  Baylor,  in  observing  for  the  latitude  with  zenith-telescope  No.  4,  reconled 
one  hundred  and  eighty-one  measiuements  upon  thirty-two  sets  of  stars.  For  ascertaining  the  arc- 
value  of  the  micrometer,  one  hundred  and  sixty-four  observations  were  made  upon  Polaris  near 
eastern  elongation.  The  level-scale  was  determined  in  value  in  the  usual  manner  fium  sixtj -four 
measiuements  with  the  micrometer.  Local  time  was  obtaineil  from  five  himdred  and  thirty-four 
observations  upon  thirty-one  zenith  and  circumpolar  stars  with  the  transit-instnunent  No.  5. 

The  field-operations  here  noticed  were  closed  in  November,  1875.  In  the  course  of  the  winter 
and  spring  the  resulting  computations  were  made  and  sent  to  the  office  with  the  originals  and 
duplicates  of  the  record  of  observations. 

Hydrography  of  Fire  Island  Inlet^  N.  Y. — In  August,  1875,  this  inlet  was  examined  by  Assistant 
F.  F.  Nes.  Considerable  changes  in  shore  line  were  observed  as  having  taken  place  in  the  course 
of  two  years  on  the  eastern  side  of  the  entrance.  The  soundings  showed,  however,  no  material 
change  in  the  general  course  of  the  channel.  Mr.  Nes  erected  five  signals  for  this  sun  ey,  and 
under  Ids  direction  the  tides  were  recorded  during  nineteen  days.  The  general  statistics  of  the 


work  are : 

Miles  run  in  sounding .  254 

Angles  measured .  199 

Number  of  soundings .  1,673 


Work  done  subsequently  by  Assistant  Nes  has  been  mentioned  under  Section  I. 

Triangulation  tcest  of  Fire  Island  Inlctj  W.  Y. — In  order  to  i>ro\ide  for  the  detailed  survey  of  the 
south  coast  of  Long  Island,  Subassistant  B.  A.  Colonna  was  assigned  to  field-duty  early  in  July, 
1875,  to  determine  stations  in  jmsition  between  Fire  Island  Inlet  and  Rockaway.  Two  points  pre¬ 
viously  occupied  with  the  theodolite  in  the  vicinity  of  Babylon  having  been  identified,  stations 
\isible  from  them  and  from  each  other  were  selected  and  connected  by  angular  measurement. 
The  scheme,  as  far  as  completed,  extends  westward  to  Far  Rockaway.  To  connect  his  series  of 
triangles  with  the  primary  work,  Mr.  Colonna  occupied  West  Hills  station  and  completed  observ’a- 
lions  there  on  the  28th  of  October.  Fifty  points  were  determined  in  iK)sition  in  the  course  of  the 
season.  The  general  statistics  of  the  triangulation  are: 


Signals  erected .  21 

Stations  occupied .  15 

Angles  measured .  248 

Number  of  observations .  6, 950 


This  work  was  pushed  under  natural  disadvantages  in  passing  ft*om  station  to  station  in  sum¬ 
mer  through  shallow  waters  in  an  open  boat,  and  in  which  the  paify  sometimes  remaineil  all  night 
hecanse  of  the  distance  fi*om  more  acceptable  sleeping-quarters.  All  positions  occupied  with  the 
theodolite  were  well  secured  by  surface  and  underground  marks  before  the  party  left  this  section. 
During  the  winter,  Subassistant  Colonna  was  on  field-duty  in  Section  VIII. 

Surrey  of  Chreat  South  Bay^  N.  Y. — This  survey  was  resinned  on  the  14th  of  July,  1875,  by  a 
party  in  charge  of  Assistant  C.  T.  lardella.  Beginning  with  the  plane-table  near  Patchogue,  the 
details  of  topography  between  the  shore  line  and  the  road  running  parallel  with  it  were  mapped  as 
far  as  Camian’H  River.  Farther  eastward  the  work  done  includes  several  miles  of  the  course  of 
tlmt  river,  the  head  of  Great  South  Bay  as  far  as  Roberts’  Dock,  and  about  five  miles  of  the  barrier 
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which  separates  the  bay  from  the  ocean.  Among  the  details  represented  are  the  several  small 
islands  in  the  bay  opposite  to  Howell’s  Point. 

Within  the  shore  line  limits  of  the  plane-table  sheet  here  noticed,  Assistant  lardella  completed 
soundings  in  Great  South  Bay,  and  then  transferred  his  party  to  the  vicinity  of  Babylon,  for  con¬ 
tinuing  the  detaileil  survey  westward.  In  that  quarter  the  railroad  was  taken  as  the  lunit  of  work. 
East  and  west,  the  shore  line  and  surface-features  were  mapped  between  Conklin’s  Point  and  Neguii- 
tatogue  Creek.  • 


Assistant  lardella  was  aided  in  this  work  by  Mr.  W.  Fraser.  The  party  was  disbanded  at  the 
end  of  October.  A  synopsis  in  the  field-report  gives  as  statistics : 

Shore  line  siu*veyed,  miles .  48 

Streams  and  ponds,  miles .  18 

Roads,  miles .  61 

Area  of  topography,  square  miles .  10 

Miles  run  in  sounding .  139 

Angles  measured .  688 

Casts  of  the  lead .  9, 670 


Tidal  ohservafions. — As  intimated  in  my  pre\ious  rei)ort  in  regard  to  the  erection  of  a  tide-gauge 
at  Sandy  Hook,  when  the  arrangements  needfid  were  complete,  Mr.  R.  S.  Avery,  of  the  Tidal  Di^ision 
of  the  Coast  Survey  Office,  proceeded  to  the  vicinity  early  in  October,  1875.  Under  his  supervision 
a  structure  five  feet  by  eight,  for  covering  the  tide-gauge  and  high  enougli  to  stand  in,  had  been 
made  in  sections  and  was  forw^arded  to  the  place.  The  self-registering  gauge  designated  for  use  at 
Sandy  Hook  is  of  the  best  construction  and  is  furnished  with  a  balance-clock,  reading-box,  and  all 
accessories  requisite  for  preseiwing  continuity  in  the  series  of  observations.  With  the  sanction  of 
W.  S.  Sneden,  esq.,  general  manager  of  the  Southern  New  Jersey  Railroad  Company,  the  tidal 
apparatus  was  fastened  securely  to  the  middle  of  a  wiiaif  about  60  feet  w  ide,  and  far  enough  from 
the  outer  end  of  the  wharf  to  be  free  from  the  jarring  action  of  the  ice  of  liaritan  Bay  when  it  is 
driven  by  strong  wind  from  the  westward.  The  float-box  of  the  gauge  was  let  down  through  a 
square  opening  in  the  deck  of  the  w^harf,  and  is  protected  on  all  sides  by  a  great  number  of  piles 
that  stand  upright  to  bear  up  the  wharf  and  its  burdens  of  freight.  At  maximum  tides  the  water 
under  the  tide-gauge  is  about  20  feet  deep..  After  bracing  the  float-box  firmly  in  its  proper  place 
the  tide-house  w^as  set  uj)  and  fastened  to  the  wdiarf  by  screw  s  passed  through  the  sills  of  the  house 
and  into  the  wharf-planks.  Part  of  the  roof  is  put  on  with  screws  to  admit  of  taking  iq),  if  needful, 
either  the  inner  float-tube,  or  both.  The  piluig  that  sustains  the  whiirf  w  ill  not  allow  the  passage 
of  cakes  of  ice  greuter  than  four  feet  in  width,  but  to  guard  against  possible  injury  to  the  float- 
box  a  crib  was  made  around  it  by  spiking  2-inch  Virginia  pine  plank  fiiinly  to  three  of  the  piles 
nearest  to  the  box,  which  is  nearly  17  feet  long  and  6J  inches  square.  It  w  as  constructed  at  the 
office,  and  inside  as  w  ell  as  outside  is  covered  with  sheet-copper,  slips  of  which  w  ere  continued  over 
the  ends.  When  corroded  at  the  lower  end  the  box  can  be  reversed  and  continued  in  use.  Inside 
of  the  float-box  was  placed  a  round  tube  of  five  inches  and  eight-tenths  aperture  suppoited  by  a 
flange  at  top  and  terminating  at  the  lower  end  with  a  funnel  of  which  the  aperture  is  only  three- 
quarters  of  an  inch  to  admit  the  water.  The  float  is  a  hollow  water-tight  copper  cylinder  5  inches 
in  diameter  and  4^  inches  high,  and  was  adjusted  so  as  to  float  erect  with  the  rise  and  fall  of  water 
in  the  cylindrical  tube.  A  plan  devised  by  Mr.  Avery  and  applied  in  the  tide-gauge  set  up  on 
Sandy  Hook  will  be  understood  by  the  following  extract  from  his  repoit : 

Two  lines  run  up  from  the  copper  float,  one,  a  round,  w  ell-varnished  fish-line,  to  connect  with 
the  large  wheel  of  the  gauge  as  usual,  but  the  other  is  part  of  a  surveyor’s  tape-line,  the  chain  of 
it  being  brass  or  copper  w  ire,  and  the  filling  of  linen  thread.  The  tape  is  painted  and  marked  in 
feet.  This  goes  over  a  pulley  of  6  inches,  having  on  its  axis  another  pulley  of  2  inches  diameter 
for  a  counterweight,  which  is  just  sufficient  to  keep  the  tape-line  straight.  These  pulleys  run  in  a 
frame  attached  to  the  roof  of  the  tide-house,  and  are  so  placed  that  the  line  can  rim  down  in  the 
middle  of  the  float-box,  and  in  so  doing  pass  along  the  side  of  a  staff*,  one  foot  of  w  Inch,  at  the  height 
of  the  eye,  is  graduated  in  tenths  and  himdredths,  to  serve  as  a  vernier.  AA^hile  the  w  ater  was  oscil¬ 
lating  as  much  as  2  feet  up  and  dowm  at  the  plain  tide-staff  (spiked  up  for  the  purpose),  the  height 
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of  tide  was  read  to  the  nearest  hundredth  on  the  tape-line,  before  the  work  about  the  tide-house  was 
completed.’^ 

For  bencli-marks,  Mr.  Avery  sunk  two  cedar  posts  at  the  edge  of  a  grove  of  red  cedars,  whicli 
border  the  marsh  at  a  point  nearest  to  the  tide-gauge.  Each  of  the  posts  was  marked  witli  copper 
nsuls,  and  was  set  in  ground  a  few  feet  higher  than  the  marsh,  where  natural  changes  will  be  very 
slow  and  artificial  works  not  likely  to  be  called  for.  By  astimation,  the  bench-marks  are  about  one 
hundred  rods  northeasterly  from  the  tide-house. 

The  gauge  at  the  neck  of  Sandy  Hook  was  placed  in  charge  of  IVIr.  J.  W.  Banford,  a  very  intel¬ 
ligent  employ^  of  the  railroad  company.  Since  October,  1875,  wlien  the  apparatus  was  put  in 
running  order,  a  very  good  set  of  observations  had  been  miule,  though  the  water  is  often  agitated 
more  than  is  usual  at  tidal  stations.  Nearer  to  the  point  of  Sandy  Hook,  where  the  violent  action 
of  ice,  driven  by  storms  in  winter,  had  crushed  the  outer  piling  of  the  gov^emment  wharf,  it  was 
deemed  inexpedient  to  establish  the  tide-gauge,  which,  for  that  reason  alone,  was  put  in  oi)eration 
at  a  position  more  distant  from  the  point  of  the  Hook,  where  it  would  be  less  exposed  to  the  vio¬ 
lence  of  the  sea. 

Topography^  coast  of  Neiv  Jersey. — For  completing  the  plane-table  survey  at  the  north  end  of 
Bamegat  Bay,  Assistant  C.  M.  Bache  took  the  field  in  the  latter  part  of  July,  1875.  Joining  with 
the  limits  of  his  previous  work  below  Tom’s  River,  that  stream  was  included  in  the  survey  as  far 
up  as  the  town  so  named.  The  coast-line  and  shores  of  the  bay  were  then  traced,  including  on  the 
western  side  Mosquito  Cove  and  Kettle  Creek.  A  short  distance  above  the  latter,  the  work  was 
joined  with  the  general  topographical  survey  of  the  coast,  which  is  now  continuous  from  Sandy  Hook 
to  a  point  several  miles  below  Atlantic  City.  The  nearest  road  following  the  western  shore  of  the 
bay  was  taken  as  the  limit  of  the  survey  inland.  Mr.  A.  G.  Pendleton  joined  this  party  as  aid  early 
in  August,  and  remained  in  service  till  the  close  of  work  on  the  8th  of  November.  The  statistics 


are: 

Shore  line  surveyed,  miles .  109 

Roads,  miles . 117 

Area,  square  miles .  43 


After  laying  up  the  barge  which  had  been  used  by  his  party  in  the  survey  of  the  coast  of  New 
Jersey,  Mr.  Bache  returned  to  Philadelphia  and  there  completed  and  inked  the  sheet  containing  the 
season’s  work. 

Triangulation  in  N'eio  Jersey. — ^The  requirements  of  the  geological  survey,  which  has  been  some 
time  in  full  activity  under  the  direction  of  Prof.  G.  H.  Cook,  the  State  geologist,  have  been  met  by 
Prof.  E.  A.  Bowser,  who  took  the  field  late  in  June,  1875,  and  passed  several  months  in  selecting 
points  suitably  related  to  stations  of  the  Coast  Survey.  His  reconnaissance  included  about  seven 
hundred  square  miles,  within  which  nineteen  stations  were  selected  and  marked.  These  will  be 
hereafter  occupied  with  the  theodolite  for  the  measurement  of  horizontal  angles.  In  general,  the 
triangle  sides  will  range  fmm  six  to  nineteen  miles  m  length,  over  a  region  varying,  from  four  hun¬ 
dred  to  twelve  hundred  feet  above  tide.  As  far  as  now  advanced,  the  reconnaissance  includes  the 
northern  part  of  New  Jersey,  and  extends  southward  from  the  boiuidary  between  that  State  and 
New  York  to  Newtown  and  Mount  Rose,  where  the  scheme  joins  with  the  Coast  Siu-vey  primary 
triangulation.  Similar  work  being  now  in  progress  westward  from  the  Delawaie,  the  reconnaissance 
on  both  sides,  to  be  effective  for  all  friture  puiqmses,  must  keep  in  view  the  selection  of  two  or  more 
points  at  which  both  schemes  of  triangulation  will  join.  The  labor  and  hardship  involved  in  the 
selection  of  intervisible  points  over  a  wooded  country  are  commonly  very  considerable  where  the 
region  offers  no  well-defined  elevations.  To  the  sameness  of  the  hills  in  contour,  and  the  conse¬ 
quent  difficulty  of  identification,  the  obser\’er  finds  added  the  dense  imdergrowth  through  which 
lines  of  sight  must  be  cut,  and  which,  notwithstanding  the  labor,  do  not  in  all  cases  avail  in  per¬ 
fecting  the  desired  scheme  of  triangulation. 

Closing  for  the  season  at  the  end  of  September,  1875,  Professor  Bowser  again  took  the  field 
early  in  March  of  the  present  year,  and  has  improved  the  scheme  as  first  marked  out,  by  slightly 
altering  the  position  of  some  of  the  stations.  He  reports  the  necessity  of  high  scaffolds  for  the 
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theodolite  at  some  of  the  points  which,  although  favorably  situated,  cannot  be  seen  from  the  sta¬ 
tions  adjacent  without  laborious  and  expensive  cutting  through  the  intervening  timoer. 

At  the  end  of  June,  when  this  report  was  closed,  the  reconnaissance  for  station-points  was 
still  in  progress,  under  the  general  direction  of  Professor  Cook. 

While  conducting  work  with  his  own  party  in  the  field,  as  mentioned  under  a  preceding  head 
of  this  section.  Assistant  Richard  D.  Outts  advised  by  correspondence  in  regard  to  the  reconnais¬ 
sance  in  New  Jersey,  and  also  for  the  examination  then  in  progress  in  Eastern  Pennsylvania,  which 
will  be  the  next  subject  of  notice. 

Trianyiilation  in  Eastern  Fennsylvania, — As  stated  in  my  rei>ort  of  last  year,  arrangements  had 
been  made  for  determining  points  in  the  Aicinity  of  the  Lehigh  Valley  by  Prof.  L.  M.  Haupt,  in 
accordance  with  the  mshes  of  Prof.  J.  P .  Lesley,  State  geologist  of  Pennsylvania. 

Professor  Haupt  took  the  field  on  the  1st  of  July,  1875,  and,  gi^ing  attention  to  the  means  for 
joining  with  known  points  of  the  primary  triaugulation  which  passed  some  years  ago  along  the  Del¬ 
aware  River  through  the  State  of  New  Jersey,  stations  were  selected  at  SmiWs  Gap  and  Bake-Oven 
Knohj  the  latter  being  a  conspicuous  elevation  of  the  Blue  Ridge.  From  that  station  reconnais¬ 
sance  was  exte  nded  northward  to  Bix)ad  Mountain,  and  in  other  directions,  but  under  some  disad¬ 
vantage,  as  most  of  the  summits  deemed  available,  when  visited  were  found  to  be  cumbered  with 
underbrush  and  trees  that  hindered  the  view.  Ultimately,  a  point  was  selected  on  Broad  Mountain, 
and  to  the  southward  another  near  Topton.  Other  stations  to  the  westward  were  chosen  in  succes¬ 
sion,  and  by  the  llth  of  September  an  acceptable  scheme  of  triangulation  had  been  laid  out  reach¬ 
ing  to  points  westward  of  Reading.  A  few  preliminary^  measurements  were  made,  but  the  purpose 
is  to  complete  the  scheme  previous  to  the  final  measurement  of  horizontal  angles. 

Professor  Hiuipt  left  Philadelphia  on  the  19th  of  June  of  the  present  year,  and  resumed  recon¬ 
naissance  for  perfecting  the  connection  between  his  own  and  some  geodetic  stations  which  had  been 
selected  b.y  another  observer  on  the  east  side  of  Delaware  River  in  New  Jersey.  Until  the  close  of 
the  month  the  region  south  and  west  of  the  Delaware  Water  Gap  was  carefiiUy  examined.  The 
work  is  in  progress  when  this  report  closes,  and  the  prospect  is  good  for  developing  before  the  close 
of  the  season  a  satisfactory  scheme  of  points  to  include  the  ground  between  the  Delaware  and  the 
Susquehaiina  Rivers. 

For  the  immediate  purposes  of  the  geological  survey,  Professor  Haupt  measured  a  short  base¬ 
line,  and  recorded  the  approximate  readings  of  angles  at  several  of  the  stations.  These  operations 
will  be  repeated  systematically^  when  the  i)ositions  are  hereafter  occui)ied  with  the  theodolite.  The 
six  stations  now  marked  will  form  two  w^ell-shaped  quadrilaterals  from  which  the  scheme  of  triangu¬ 
lation  can  be  readily  extended  westward  or  eastward.  The  triangle  sides  vary  from  sixteen  to  thirty 
miles  in  length.  On  the  east  and  south  this  triangulation  will  be  properly  connected  w  ith  the  chain 
of  great  triangles  that  defines  the  outbne  of  the  coast  along  the  Middle  States. 

To  fiuiher  the  means  for  determining  points  in  Eastern  Pennsylvania,  Assistant  G.  A.  Fairfield 
was  directed,  in  the  autumn  of  1875,  to  seek  for  the  ground-marks  w  Inch  had  been  set  at  the  primary 
tations  Principio  and  Osborne’s  Ruin  w^hen  the  triangulation  of  Chesapeake  Bay  w  as  in  progress. 
One  of  these  stations  is  on  the  east  side  of  the  Susquehanna  and  the  other  on  the  w  estern  side. 
Principio  had  been  identified  in  1866,  and  Mr.  Fairfield  readily^  found  the  station-mark.  Tlie  ground 
at  Osborne’s  had  not  been  disturbed  since  the  station  was  first  occupied.  Within  the  limits  indi¬ 
cated  by  the  reference-marks  the  cone  was  found  w  here  it  had  been  first  buried.  On  looking  to  the 
northward  from  these  two  stations  no  points  were  in  view  favorable  for  extending  the  triangulation 
in  that  direction.  Proceeding  to  the  northward  and  eastw^ard,  Mr.  Fairfield  \isited  the  station  at 
Meeting  House  Hill,  and  there  found,  without  difficulty,  the  station-mark  in  the  position  in  which  it 
was  placed  thirty-five  years  ago.  The^base  being  sufficient  for  the  addition  of  subsidiaiy  points  if 
the  gix)und  in  Southeastern  Pennsylvania  proved  favorable  for  triangulation,  Assistant  Fairfield 
made  a  reconnaissance  through  Chester  County  and  noted  such  points  as  might  be  available  for 
extending  the  triangulation  northward.  On  the  approach  of  severe  w  eather  the  reconnaissance  w  as 
discontinued,  but  will  be  resumed  hereafter. 

Hydrography  of  JDelaivare  River. — With  a  party  organized  for  service  on  board  the  steamer  Fath- 
omer,  Lieut.  J.  M.  Grimes,  U.  S.  N.,  assistant  in  the  Coast  Survey,  took  charge  of  that  vessel  at  New 
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York  in  July,  and,  after  needful  repairs,  passed  through  the  Raritan  Canal  and  reached  Delaware 
City  on  the  20th  of  August,  1875.  The  work  assigned  in  that  vicinity  was  the  extension  of  sound¬ 
ings  along  both  sides  of  the  main  channel  between  Delaware  City  and  Ship  John  Shoal  Liglit. 
Eleven  signals  were  erected  by  thfe  party  in  the  Fathomer,  and  their  positions  were  determined  by 
occupying  thirty  stations.  While  soundings  were  in  progress,  the  tides  were  observed  and  recorded 
at  a  wharf  in  Delaware  City  and  also  at  Reedy  Island.  Considerable  changes  were  noticed  as  hav¬ 
ing  occurred  in  the  shore  lines,  the  river-bank  receding  in  some  places  and  advancing  in  others. 

In  midchannel  and  S.  250  35'  E.  (true),  distant  2,503  meters  from  Reedy  Island  bght-house. 
Lieutenant  Grimes  developed  a  shoal  on  which  the  depth  is  19J  feet  at  mean  low  water.  Having 
filled  with  soundings  the  projection  sent  for  this  part  of  the  river,  the  Fathomer  was  moved  up  to  a 
position  between  Marcus  Hook  and  Chester,  in  which  vicinity  a  ledge  was  developed  by  careful 
soundings  in  October.  This  impediment  in  navigation  seems  to  have  been  caused  by  a  sunken 
schooner  or  sloop  which  became  imbedded  in  the  sandy  bottom  between  some  rocks.  Hence  in 
the  notice  to  mariners,  which  issued  from  the  Coast  Survey  Office  early  in  November,  the  danger  is 
named  Schooner  Ledge.  As  far  as  practicable  with  the  means  at  hand,  all  the  rocks  in  the  vicinity 
of  the  place  were  developed  and  marked  on  the  chart.  The  statistics  of  h^  drographic  work  in  the 


Delaware  are : 

!Mile«  run  in  sounding .  315 

Angles  measured .  3,602 

Number  of  soundings .  25, 101 


Lieutenant  Grimes  was  aided  in  this  work  by  Mr.  C.  A.  Ives.  The  steamer  Fathomer  was 
subsequently  employed  in  service  which  will  be  noticed  under  the  head  of  Section  IV  in  this 
report. 

Liston^s  Tree  range  lighU, — ^The  expediency  of  a  range  on  the  New  Jersey  side  of  the  Delaware, 
in  lieu  of  one  of  the  two  ranges  marked  last  year  on  the  west  bank  of  that  river,  having  been 
decided  in  the  Light-House  Board  in  February,  the  service  was  committed  to  Mr.  Charles  Junken. 
After  consultation  with  General  W.  F.  Raynolds,  engineer  of  the  fourth  district,  who  had  arranged 
for  the  purchase  of  sites,  the  requisite  observations  were  made  by  Mr.  Juuken.  The  positions  of  the 
range-points  were  marked  on  the  groimd  and  on  the  original  chart  of  that  part  of  the  river,  as  also 
on  a  copy  of  the  original  which  had  been  made  for  the  uses  of  the  Light-House  Board. 

Sites  for  range-beacomj  Delmcare  River. — ^Request  having  been  made  by  General  Ra^molds^ 
engineer  of  the  fourth  light  house  district,  for  topographical  surv^eys  of  the  two  sites  selected  on  the 
west  bank  of  the  Delaware,  near  Liston’s  Tree,  the  work  was  committed  early  in  July,  1875,  to 
Messrs.  F.  C.  Donn  and  F.  H.  Parsons,  aids  in  the  party  of  Assistant  J.  W.  Donn,  who  was  then 
completing  arrangements  for  work  which  has  been  mentioned  under  the  head  of  Section  I.  The 
mapping  requisite  for  the  ranges  was  completed  in  the  field  on  the  17th  of  July.  Soon  after,  the 
sheets  were  forwarded  to  the  Light-House  Board,  and  the  two  aids  joined  the  party  to  which  they 
had  been  previously  assigned. 

Shoetl  near  Delaware  Breakwater. — In  June  of  the  present  year  my  attention  was  drawn  to  the 
existence  of  a  shoal,  reported  by  one  of  the  bay  pilots,  near  the  Delaware  Breakwater.  Neither  of 
the  vessels  of  the  survey  being  immediately  available,  the  needful  examination  could  not  be  made 
before  the  close  of  the  fiscal  year,  at  which  time  this  report  was  closed.  Arrangements  were,  how¬ 
ever,  promptly  made  for  sounding  the  locality.  The  results  will  be  stated  in  my  next  annual  report, 
in  which  notice  will  be  taken  of  all. work  prosecuted  in  the  survey  after  the  end  of  June,  1876. 
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SECTION  III. 

ATLANTIC  COAST  AND  BAYS  OF  MAEYLAND  AND  VIRGINIA,  INCLUDING  SEAPORTS  AND  RIVERS. 

(Sketch  No.  8.) 

Harbor  of  Baltimore^  Md, — Local  interest  as  manifested  by  the  city  authorities  of  Baltimore  in 
regard  to  the  preservation  and  improvement  of  the  harbor,  took  definite  form  in  May  last,  when  the 
President  of  the  United  States  authorizecl  a  board  to  confer  with  the  governor  of  the  State  of  Mary¬ 
land,  the  legislature  of  the  State  having  previously  appropriated  means  for  a  special  survey  of  the 
harbor.  With  the  concurrence  of  the  board,  the  members  of  which  are  General  A.  A.  Humphreys, 
Cliief  of  Engineers,  C.  P.  Patterson,  Superintendent  United  States  Coast  Survey,  and  Maj.  William 
P.  Craighill,  of  the  Corps  of  Engineers,  Assistant  J.  W.  Bonn  was  detailed  in  June,  1876,  to  make 
the  survey  which  will  be  needftil  in  the  deliberations  of  the  board  for  the  establishment  of  bulk¬ 
head  lines.  Three  sheets  have  been  projeete<l  to  contain  the  outline  and  hydrographic  details  of 
the  inner  harbor  above  its  entrance  at  Fort  McHenry.  With  an  effective  party.  Assistant  Bonn  is 
now  prosecuting  the  desired  survey. 

Xorfolk  Harbor j  Va, — As  a  preliminary  to  action  by  the  harbor  commissioners  of  Norfolk  for 
the  establishment  of  port-warden  lines  to  restrict  encroachments  on  the  harbor,  application  was 
made  in  the  usual  way  for  an  advisory  board.  At  the  first  meeting  of  the  members  of  the  board  it 
was  deemed  advisable  to  procure  data  of  the  kind  which  is  very  generally  in  requisition  when 
measures  are  pending  for  the  preservation  of  harbor  channels.  Fortunately,  a  very  careful  hydro- 
graphic  survey  had  been  made  in  1873.  It  was  needful  only  for  the  purposes  of  the  board  to  deter¬ 
mine,  in  addition,  the  dynamic  axis  in  each  channel,  the  curv^e  of  velocities  from  shore  to  shore,  and 
the  volume  of  discharge,  as  with  such  elements  the  jiroblems  involved  in  defining  between  artificial 
and  natural  limits  are  much  simplified. 

The  requisite  physical  survey  in  the  channels  at  Norfolk  and  Portsmouth  was  prosecuted  under 
the  direction  of  Assistant  Henry  Mitchell  by  Messrs.  John  B.  Weir  and  E.  H.  Wyvill  in  May,  1876 
Messrs.  T.  A.  Harrison  and  C.  A.  Ives  were  attached  to  the  party  as  aids,  and  the  schooner  Caswell 
was  assigned  for  use  in  the  work.  The  expenses  incident  to  the  special  survey  were  met  by  the 
harbor  commissioners  of  Norfolk. 

Observations  of  the  character  shown  in  the  appended  statistics  were  recorded  at  numerous  sta¬ 
tions  from  the  second  bridge  of  Eastern  Branch  and  the  upper  end  of  the  navy -yard  in  the  South 
em  Branch  downward  and  beyond  the  bar  to  Lambert’s  Point  light-house.  The  statistics  are: 


Angles  measured . : .  6, 331 

Number  of  soundings .  3, 016 

Observations  for  velocity  recorded .  4, 506 


The  tides  were  obsen^ed  at  four  stations  within  the  working-limits,  and  twenty-seven  transverse 
sections  were  traced  by  an  aggregate  of  two  hundred  and  forty-six  points. 

Under  Section  VEEI,  notice  will  be  taken  of  work  previously  done  by  Mr.  Weir. 

Tidal  observations. — During  the  year,  a  self-registering  tide-gauge,  furnished  with  large  inter 
changeable  cylinders,  reading-box,  and  a  balance-wheel  clock,  has  been  kept  in  operation  by  Mr 
W.  J.  Bodell  at  the  station  on  Old  Point  Comfort^  Va.  Interruptions  in  the  series  of  observations 
at  this  station  have  ceased  since  the  pendulum-clock  was  replaced  by  the  one  now  in  use.  The 
wharf  which  supports  the  apparatus  will  soon  be  removed,  but  arrangements  will  be  made  to  reoc 
cupy  the  position  on  the  engineer’s  wharf,  at  which  the  series  was  commenced  some  years  ago. 

Boundary  between  Maryland  and  Virginia. — Previous  to  the  meeting  of  the  boundary  commis¬ 
sioners  of  the  two  States  in  June  last  at  Crisfield,  Md.,  request  had  been  made  by  them  for  the 
services  of  a  topographer  of  the  Coast  Survey  to  work  under  their  immediate  direction  in  mapping 
such  ground  as  might  be  indicated  in  the  course  of  their  deliberations.  Mr.  Charles  Junken,  having 
been  assigned  for  the  special  duty,  reported  in  person  to  the  commissioners  at  Crisfield,  and  com¬ 
menced  work  on  the  16th  Qf  June  on  Smith’s  Island.  He  was  there  engaged  until  the  end  of  the 
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month.  As  the  fiscal  year  then  closed,  the  summary  of  his  work  will  properly  appear  in  my  next 
annual  report. 

TriangulatUyn. — Among  the  conditions  requisite  for  final  accuracy  in  triangulation  is  that  the 
height  of  each  of  the  primary  stations  above  the  sea-level  should  be  known.  Hence  vertical  angles 
are  measured  at  the  primary  stations,  and  it  remains  only  to  refer  the  heights  of  a  few  stations  near 
the  coast  to  the  level  of  the  sea  by  running  lines  for  that  purpose  with  the  spirit-level.  For  the 
chain  of  main  triangles  which  passes  near  Washington  City  and  follows  the  Blue  Ridge  in  its  coiuse  - 
along  the  Atlantic  seaboard,  the  plane  of  reference  was  ascertained  in  November,  1875.  Assistant 
F.  W.  Perkins  started  from  a  well-determined  bench-mark  at  the  Washington  navy-yard  with  a 
leveling-mstrument,  followed  the  line  of  the  Baltimore  and  Potomac  Raifroad  to  its  junction  with 
the  Annax>olis  Railroad,  and  thence  passed  down  the  last-mentioned  road  to  Annapolis,  where  he 
established  a  mark  at  the  level  of  mean  tide.  An  offset  was  made  from  Wilson’s  Station  on  the  rail¬ 
road  to  the  primary  triangulation-point  named  Hills ;  and  another  offset  was  run  across  the  Severn 
River  at  Annapolis  to  the  primary'  station  Taylor. 

The  main  line  of  levels  was  begun  at  Washington  on  the  9th  of  November,  and  six  hundred  and 
thirty-four  stations  were  made  between  the  navy-yard  and  the  level  of  Chesapeake  Bay  at  Annapo¬ 
lis.  By  several  well-marked  objects  the  station  there  at  which  tides  were  recorded  for  one  month 
was  connected  with  the  line  of  levels.  All  the  lines  were  run  twice,  making  in  the  aggregate  eighty- 
six  miles.  Including  the  two  lines  of  off’sets,  seven  hundred  and  sixty-two  stations  were  made.  The 
two  measurements  for  lev  el  show  a  close  agreement.  Mr.  J.  De  Wolf  joined  the  party  on  the  29th 
of  November.  Assistant  Perkins  was  aided  throughout  by  Mr.  R.  E.  Duval.  Operations  were 
closed  on  tlie  24th  of  December.  The  work  subsequently  prosecuted  by  Mr.  Perkins  will  be  noticed 
under  the  head  of  Section  VII. 

Magnetic  ohservatiom, — The  usual  annual  determinations  of  the  magnetic  declination,  dip,  and 
intensity  at  the  station  on  Capitol  Hill  in  Washington  City  were  made  by  Assistant  C.  A.  Schott  in 
April  last,  and  by  some  w  eeks  earlier  than  the  period  at  which  the  observations  hav’^e  been  aimually 
made  during  the  last  ten  years.  The  ground  occupied  being  required  for  building  purposes,  a  new 
station  w^ill  be  established  in  the  vicinity. 

As  the  instruments  used  in  the  observations  here  noticed  are  good  specimens  of  their  class,  they 
were  early  in  the  summer  sent  to  Philadelphia  to  form  part  of  the  Coast  Survey  exhibit  in  the  Cen¬ 
tennial  Exposition. 

Triangulation  of  James  River y  Va, — The  schooner  Scoresby,  with  the  party  of  Assistant  J.  W. 
Donn,  was  at  City  Point  in  November,  1875,  and  it  was  then  hoped  that  means  might  hold  for 
extending  the  plane-table  survey  of  the  banks  of  the  river  as  far  as  Richmond. 

Several  of  the  station-points  which  had  been  previously  occupied  in  the  triangulation  of  the 
main  river  near  City  Point  could  not  be  found,  the  marks  having  been  wantonly  destroyed.  Mr. 
Donn  in  consequence  found  it  necessary  to  begin  his  triangulation  several  miles  below.  During 
December,  1875,  and  January  of  the  present  year,  points  were  selected  and  signals  put  up  between 
Drewry  and  the  approach  to  the  city.  Much  labor  was  endured  in  prosecuting  this  work,  as  many 
of  the  lines  of  sight  required  heavy  cutting  through  timber  that  abounds  in  the  swamps  bordering 
that  part  of  the  James  River.  Preliminary  measui'ements  of  angles  were  made  at  all  the  stations, 
so  that  data  might  be  available  for  topographical  work,  but  Assistant  Donn  intended  to  make  final 
measurements  of  the  horizontal  angles  if  means  could  be  had  for  continuing  the  operations  of  the 
party  during  the  spring.  Other  requirements  of  the  service,  howev^er,  made  it  necessary  to  recall 
the  party  in  the  Scoresby  at  the  end  of  January,  previous  to  wliich  date  twenty-three  signals  had 
been  erected.  During  winter  the  vessel  w'as  docked  at  Richmond,  there  being,  as  against  probabil¬ 
ities  of  running  ice  and  freshets,  no  safe  anchorage  between  the  city  and  the  point  at  which  the 
work  was  resumed.  Mr.  Donn  had  been  previously  in  Section  I.  On  the  James  River  he  was  aided 
ly  Messrs.  F.  C.  Donn  and  F.  H.  Parsons. 

Primary  trumgulation  in  Virginia, — ^At  the  opening  of  the  fiscal  year  1875-’76  field-work  on  the 
series  of  quadrilaterals  which  passes  southward  along  the  eastern  side  of  the  Blue  Ridge  had 
beeo  extended  to  Humpback  Mountain  in  Nelson  County,  Va.,  at  which  station  observations  wrere 
closed  on  the  2d  of  July,  1875.  Assistant  A.  T.  Mosman,  as  soon  as  practicable,  transferred  his 
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party  to  Spear  Mountain,  and  closed  the  series  of  measurements  requisite  there  on  the  29th  of 
August.  At  that  station  the  weather  proved  to  be  unusually  wet  and  foggy. 

The  station  in  the  series  of  points  named  Tobacco  Row  Mountain  was  next  occupied  with  the 
theodolite,  and  the  angular  measurements  there  required  were  completed  on  the  22d  of  September. 
Some  of  the  lines  which  converge  at  this  station  were  upward  of  fifty  miles  in  length.  The  weather 
was  often  cloudy,  but,  on  days  suitable  for  observing,  the  signal-poles  on  the  longest  lines  were  in 
full  view. 

Preparations  were  complete  on  Long  Mountain  by  the  12th  of  October  for  astronomical  obser¬ 
vations  and  for  the  measurement  as  usual  of  horizontal  and  vertical  angles.  The  geodetic  work 
was  much  delayed  by  the  prevalence  of  smoke  and  haze,  for  some  days  in  succession  the  outlying 
signals  on  long  lines  being  hid  from  view.  The  astronomical  observations  were  less  hindered  by 
the  same  cause.  A  lamp,  set  as  an  azimuth-mark  in  the  belfry  of  the  court-house  at  Lynchburg, 
which  is  about  nine  miles  distant  from  the  station  on  Long  Mountain,  could  be  observed  on  at  night, 
although  the  atmosphere  was  very  seldom  suitable  for  advancing  the  triangulation.  The  latitude 
observations,  completed  on  the  28th  of  October,  depend  on  two  hundred  and  twenty-eight  results 
found  in  fourteen  nights  with  twenty  pairs  of  stars.  For  value  of  the  micrometer  of  the  zenith- 
telescope,  eighty -two  readings  were  recorded,  by  observing  on  two  stars.  Seventeen  nights  were 
occupied  in  the  determination  of  time  with  the  meridian-telescope  by  observ^ing  on  eighty -six  stars. 
The  azimuth  was  ascertained  by  one  hundred  and  eighty-four  pointings  on  Polaris,  on  seven  nights, 
the  observations  being  some  direct  and  some  reflected  in  mercury.  The  measurement  of  hori¬ 
zontal  and  vertical  angles  detained  the  observers  on  Long  Mountain  until  the  9th  of  December. 
In  addition  to  the  series  of  exact  angular  measures  recorded  for  the  triangulation.  Assistant  Mosman 
in  the  course  of  the  season  observed  on  twenty-four  subsidiary  objects,  mostly  prominent  mountain- 
peaks,  churches,  court-houses,  &c.,  and  besides  recording  their  direction  from  the  sev^'eral  stations 
which  he  occupied,  determined  the  height  of  the  subsidiary  points  by  vertical  angles.  The  statistics 


of  the  main  triangulation  are : 

Stations  occupied .  3 

Angles  measured .  11 

Number  of  observations .  2,  978 


For  ascertaining  the  height  of  primary  stations  above  the  level  of  the  sea,  zenith-distances 
were  measured  with  the  vertical  circle,  and  upward  of  two  thousand  observations  were  thus 
recorded. 

Assistant  Mosman  was  aided  in  the  field  and  in  office- work  by  Mr.  W.  B.  Fairfield,  and  by 
Mr.  D.  S.  Wolcott  until  the  12th  of  December.  During  part  of  the  summer  Mr.  C.  L.  Gardner  was 
attached  to*  the  party.  The  computations  resulting  from  the  triangulation  were  completed  in  the 
course  of  the  spring  of  the  present  year.  After  turning  in  the  records  Mr.  Mosman  again  took  the 
field  and  is  now  pushing  the  triangulation  across  the  southern  boundary  of  Virginia,  in  a  pre¬ 
arranged  direction  for  joining  properly  with  the  southern  part  of  the  series  of  quadrilaterals,  of 
which  mention  will  be  made  further  on  in  this  report,  under  the  head  of  Section  V. 

Reconnamanee  for  triatigulation  in  Virginia. — After  the  return  of  Subasvsistant  Edwin  Smith 
from  Chatham  Island,  in  the  South  Pacific  Ocean,  to  which  place  he  had  been  assigned  with  a  party 
for  observing  the  transit  of  Venus,  in  December,  1874,  and  when  the  records  of  that  work  were  com¬ 
plete,  preparation  was  made  for  resuming  his  usual  field-duties.  Late  in  July,  1875,  Mr.  Smith  com¬ 
menced  reconnaissance  for  stations  to  be  occupied  by  Assistant  Mosman  to  the  southward  of  L^mch- 
burg,  and  in  doing  so  kept  in  view  the  necessity  of  selecting  a  course  the  most  direct  for  joining 
with  the  chain  of  triangles  which  has  been  pushed  north  and  east  from  the  base-line  near  Atlanta, 
Ga.  Following,  in  general,  along  the  eastern  flank  of  the  Blue  Ridge,  a  scheme  for  the  main  trian¬ 
gulation  was  laid  out  by  Mr.  Smith.  This  proved  to  be  entirely  acceptable,  and  the  junction  in 
North  Carolina  with  the  southern  i>art  of  the  same  chain  of  triangles  is  satisfactoiy.  The  party  in 
reconnaissance  kept  the  field  until  the  3d  of  November.  As  he  passed  from  station  to  station  Mr. 
Smith  made  arrangements  at  several  for  subsequent  occupation  by  Assistant  Mosman. 

Subassistant  Smith  was  engaged  during  part  of  the  present  year  in  Section  PV. 

Mr.  A.  H.  Scott,  after  his  return  at  the  end  of  June,  1875,  from  Chatham  Island,  in  the  South 
Pacific  Ocean,  where  he  had  been  on  duty  with  the  party  sent  to  observe  the  transit  of  Venus,  was 
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engaged,  until  the  end  of  the  year,  in  comparing  with  the  standard  the  brass  meters  which  had 
been  constructed  in  the  office.  He  made  at  the  same  time  abstracts  and  reductions  of  all  the 
recorded  comparisons  of  the  committee  meter,  and  of  the  iron  and  steel  meters,  all  of  which  are 
used  in  the  dual  tests  of  the  length-measures  issued  from  the  office. 

Early  in  March,  Mr.  Scott  had  completed  computations  for  the  latitude  of  the  station  on  Chatham 
Island  at  which  the  transit  of  Venus  was  observed  in  December,  1874.  He  then  took  up,  under  the 
direction  of  Assistant  J.  E.  Hilgard,  the  computation  of  results  from  the  record  of  magnetic  observa¬ 
tions  which  had  been  made  within  the  year.  These  in  graphical  form,  together  with  others,  are  in¬ 
corporated  in  the  illustration  to  Appendix  No.  21,  which  accompanies  this  report. 

In  the  latter  part  of  the  fiscal  year  Mr.  Scott  arranged  the  details  and  made  an  inventory  of 
metric  weights  and  measures  and  comparisons  of  the  British  yard-measmes. 

Reconnaissaiwe  in  West  Virginia, — ^The  examination  of  the  mountain  region  of  West  Virginia 
with  referenc5e  to  points  for  primary  triangulatiou  was  continued  during  the  summer  of  1875  by 
Assistant  S.  C.  McCorkle.  West  of  the  Gauley  Mountains  the  country  as  far  as  the  Ohio  presents 
a  succession  of  peaks  and  very  short  ridges,  having  an  average  and  nearly  equal  elevation  of  about 
seven  hundred  feet.  Hilly  as  the  region  is,  it  presents  few  natural  facilities  for  the  purpose  desired, 
the  lines  of  sight  being  generally  too  short  for  conformity  with  the  character  of  the  triangulation 
sdready  completed  to  the  eastward  of  Gauley  Kiver. 

While  this  work  was  in  progress  the  details  of  field-work  in  Northern  Georgia  required  the 
recall  of  Mr.  McCorkle  for  additional  points  there,  the  triangulation-x>arty  in  Section  VII  having 
occupied  all  the  practicable  points  that  had  been  selected  in  previous  reconnaLssance  to  the  westward 
of  the  Atlanta  base-line.  The  reconnaissance  in  West  Virginia  will  be  completed  early  in  the  present 
fiscal  year. 

SECTION  IV. 

ATLANTIC  COAST  AND  SOUNDS  OF  NORTH  CAROLINA,  INCLUDING  SEAPORTS  AND  RIVERS. 

(Sketch  No.  9.) 

Hydrography  of  Pamplico  Sounds  W.  C. — This  work  has  been  further  advanced  by  a  party  in 
charge  of  Lieut.  Richard  Wainwright,  U.  S.  N.,  assistant  in  the  Coast  Siuvey,  with  the  steamer  Arago. 
The  part  sounded  between  the  20th  of  December,  1875,  and  the  10th  of  May  following  includes  most 
of  the  interval  between  Gibb’s  Point  and  Stiunpy  Point  and  the  middle  of  Pamplico  Sound  south¬ 
ward  and  eastward  of  Long  Shoal  Point.  Before  the  work  in  this  quarter  had  been  extended  east¬ 
ward  acrass  the  sound,  the  party  in  the  Arago  was  transferred  to  Alligator  River,  a  survey  of  which, 
beyond  the  limits  previously  reached,  was  requested  in  the  interest  of  public  improvements.  Lieu¬ 
tenant  Wainwright  promptly  took  in  hand  the  river-survey  and  traced  the  shore  lines  southward  as 
far  as  Blunt’s  Canal.  The  channel  was  subsequently  sounded  by  the  party  and  the  vicinity  mapped 
on  a  scale  sufficient  for  the  public  uses  in  view  when  the  survey  was  requested.  Lieutenant 
Waiuwright  was  assisted  in  this  section  by  W.  P.  Bay,  Master,  U.  S.  N.,  and  by  Ensign  F.  H. 
Lefavor.  Seventeen  signals  were  erected  in  the  course  of  the  season.  The  general  statistics  of  the 


work  are : 

Miles  run  in  sounding .  800 

Angles  measured . .  4,517 

Number  of  soundings . .  35,  603 


Earlier  in  the  fiscal  year  Lieutenant  Wainwright  conducted  hydrographic  work  on  the  coast  of 
Te.\a8,  as  will  be  stated  under  Section  IX. 

Latitude  and  azimuth  at  Roanoke  Islandj  N.  G. — With  a  view  of  having  determinations  of  lati¬ 
tude  and  azimuth  at  several  stations  in  this  section.  Subassistant  Edwin  Smith  w'as  sent  in  Decem¬ 
ber,  1875,  with  a  party  in  the  schooner  Dana  to  observe  at  certain  of  the  stations  which  had  been 
occupied  for  the  triangulation  of  Pamplico  Sound  and  the  adjacent  waters.  Bad  weather  and  con- 
traiy  winds  delayed,  the  arrival  of  the  vessel  until  the  13th  of  January,  when  the  Dana  anchoreil  in 
Oyster  Creek,  near  Sand  Island  Station,  which  is  near  the  southeast  end  of  Roanoke  Island. 
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Only  a  small  part  of  the  ground  near  the  station  wm  found  to  be  covered  with  sand,  and  that, 
although  the  depth  of  the  covering  was  eighteen  inches,  jieldexi  sensibly  under  the  pressure  of  the 
foot,  so  that  vibrations  were  sensible  at  distances  of  eight  or  ten  feet  from  the  impression.  Natural 
conditions  being  unfavorable,  Subassistant  Smith  was  constraineil  to  put  down  a  foundation  of 
Tvood  and  to  erect  on  it  a  platform  for  the  meridiau-instniment. 

The  azimuth  at  Sand  Island  was  measured  from  the  cap  of  the  tripod  which  had  been  used  in 
closing  the  triangulation  of  Pamplico  Sound.  While  azimutli -observations  were  in  progress  the 
instrument  was  elevated  twenty-one  feet  above  the  ground-level,  a  condition  not  favorable  for  great 
accuracy,  but  in  this  case  unavoidable.  Mr.  Smith  and  the  aid,  Mr.  J.  B.  Baylor,  completed  measure, 
ments  for  azimuth  by  the  12th  of  February' ,  1876,  and  recorded  in  the  course  of  the  work,  for  correc¬ 
tions  of  the  sidereal  chronometer,  fifty-six  observations  on  twenty-two  stars  with  the  meridian- 
telescope  No.  13. 

Latitude  was  determined  at  Sand  Island  Station  from  sixty-eight  observations  recorded  on  six 
favorable  nights  on  fifteen  pairs  of  stars.  Eighty  observations  w^ere  made  for  ascertaining  the 
value  of  the  micrometer. 

The  direction  of  the  azimuth-mark  w  as  found  from  eighteen  sets  of  observations  on  Polaris, 
and  the  angle  so  determined  was  referred  to  the  line  passing  from  the  obsening  station  to  the  south 
end  of  the  Botlie’s  Island  base-line  by  thirteen  sets  of  measurements  of  the  horizontal  angle.  The 
records  of  the  astronomical  work,  original  and  duplicate,  contained  in  eight  volumes,  have  been 
received  at  the  ofiBce  with  the  field-reductions. 

Magnetic  observations. — While  the  work  noticed  under  the  preceding  head  was  in  progress,  Mr. 
Baylor  recorded  at  Sand  Island  a  complete  set  of  observations  for  determining  the  magnetic  decli¬ 
nation,  dip,  and  horizontal  force. 

Means  not  being  available  for  continuing  the  operations  of  the  astronomical  party  in  tliis  sec¬ 
tion,  the  schooner  Dana  was  dispatched  for  Norfolk  in  the  middle  of  February.  Subassistant 
Smith  and  Mr.  Baylor  then  repaired  to  the  office  and  took  up  the  coinj^utations  for  latitude  and 
azimuth. 

Hydrography  of  Core  Somidj  C. — For  tliis  work,  Lieut.  J.  M.  Grimes,  U.  S.  N.,  assistant  in 
the  Coast  Survey,  with  his  party  in  the  steamer  Fathomer,  reached  Beaufort,  N.  C.,  on  the  26th  of 
November,  1875.  The  projection  for  the  hydrography  took  in  the  west  end  of  Core  Island,  and 
joining  with  w^ork  done  in  a  previous  season,  extended  southward  to  include  Harl>or  Island  Bar. 

After  establishing  a  tide-gauge  in  the  straits,  soundings  were  advanced  by  w  orking  eastw  ard. 
Some  of  the  ground-marks  set  when  the  triangulation  was  prosecuted  had  been  lost  by  the  washing 
away  of  the  shore,  but  a  sufficient  number  remained  of  i>oints  subsequently  marked  by  the  plane- 
table  party  for  serAice  in  the  hydrography. 

Lieutenant  Grimes  noticed  that  during  calm  weather  the  rise  and  fall  of  tides  in  the  sound  was 
regular,  as  also  with  the  w  ind  southward  or  eastw  ard ;  but  that  the  tides  became  very  irregular  with 
the  wind  in  any  other  direction.  ‘‘A  northeast  wind,  or  any  wind  from  northwest  to  northeast, 
raises  the  water  in  the  sound  to  any  height  from  two  inches  to  two  feet.  On  the  contrary,  any 
wind  from  soutli-southwest  to  west  drives  the  water  out  the  sound  and  lowers  the  water-level  as 
much  as  tw  o  feet,  according  to  the  strength  of  the  wind.”  In  the  course  of  the  season  in  this  sec¬ 
tion  the  hydrograi)hic  party  set  up  thirty-four  signals  additional  to  field-points,  which  had  been 
identified  for  use  in  soundings.  The  general  statistics  of  the  work  are : 


Miles  run  in  sounding .  526 

Angles  measured .  4, 843 

Number  of  soundings .  38, 296 


Having  completed  the  hydrography  of  Core  Sound,  Lieutenant  Grimes  sailed  from  Beaufort 
on  the  28th  of  May,  and  proceeded  writh  the  vessel  to  Philadelphia,  He  was  aided  in  the  work  in 
Core  Sound  by  Master  T.  G.  C.  Salter  and  Ensign  O.  W.  Lowry,  U.  S.  N. 
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SECTION  V. 

ATLANTIC  COAST  AND  SEA-WATER  CHANNELS  OF  SOUTH  CAROLINA  AND  GEORGIA,  INCLUDING 

SOUNDS,  HARBORS,  AND  RIVERS.— (Sketch  No.  12.) 

Hydrography  of  Winyah  Bay  and  its  approaches,  8.  C, — For  this  work  two  sheets  were  projecteil, 
one  to  show  tbe  souudings  on  Georgetown  Bar  and  at  the  entrance,  the  second  to  represent  the 
hydrography  of  Winyah  Bay  and  the  mouths  of  the  Pedee,  Waccamaw,  and  Sampit  Rivers,  at  the 
head  of  the  bay.  Both  sheets  have  been  completed  by  Lieut.  C.  T.  Hutchins,  U.  S.  N.,  assistant 
in  the  Coast  Survey,  with  his  party  in  the  steamer  Endeavor.  That  vessel  left  New  York  for  this 
section  on  the  25th  of  October,  1875,  and  returned  to  port  at  the  end  of  May  of  the  present  year. 

For  the  hydrographic  survey  of  Winyah  Bay,  forty-six  signals  were  set  up  and  determined  in 
position  by  occupying  thirty-five  stations  on  the  shores.  In  the  course  of  the  season  the  tides  were 
observed  at  four  stations,  and  an  aggregate  of  nearly  seven  thousand  observations  wei'e  recorded 
from  the  tide-staft'.  Currents  were  observed  in  Bottle  Chaimel  (Georgetown  Bar),  and  at  the  entiance 
to  the  main  channel ;  also  at  three  stations  in  Winyah  Bay.  Specimens  of  bottom  found  in  soundings 
were  taken  at  each  of  the  current-stations.  Three  wrecks  were  determined  in  i>osition  and  twelve 
buoys,  and  these  with  other  customary  details  appear  on  the ‘hydrographic  sheets.  Masters  S.  H. 
May  and  W.  M.  Wood,  U.  S.  N.,  were  attached  to  the  party  in  the  Endeavor  at  the  outset  of  the 
season.  The  last-named  officer  was  transferred  to  another  section  in  January  and  was  detached 
from  Coast  Survey  service  in  March.  Lieutenant  Hutchins  was  aided  in  this  section  by  Ensign 
H.  McCrea.  The  hydrographic  statistics  ai*e : 


Miles  run  in  sounding .  492 

Angles  measured .  2, 627 

Number  of  soundings .  25, 453 


Under  Section  II  reference  has  been  made  to  work  previously  done  by  the  party  in  the  steamer 
Endeavor. 

Hydrography  of  North  Edisto  and  South  Edisto  Rjivers,  8,  C. — For  the  puipose  of  sounding  the 
sea-water  channels  that  bound  Edisto  Island,  and  which  form  an  important  link  of  the  inland  navi¬ 
gation  along  the  southern  coast,  Lieut.  J.  F.  Moser,  U.  S.  N.,  assistant  in  the  Coast  Survey,  took 
the  schooner  G.  M.  Bache  into  the  South  Edisto  on  the  11th  of  April,  after  the  completion  of  hydro - 
graphic  work  at  a  ]>oint  which  will  be  mentioned  under  the  next  head.  Without  delay  a  tide-staff 
was  set  up  at  East  Landing,  another  in  North  Edisto  River,  and  search  was  made  for  station-marks 
on  which  to  base  the  hydrography.  Stone  posts  had  been  buried  out  of  sight  some  years  ago  at  the 
triaugulatiou-points,  but  as  found  from  time  to  time  by  the  colored  inhabitants  they  were  removed 
and  put  to  use  as  anchors  for  their  boats.  Houses,  too,  marked  on  the  hydrogniphic  projection  had 
been  so  completely  carried  away  that  their  sites  could  not  be  identified.  At  the  east  end  of  the 
Edisto  base-line  the  monument  had  been  turned  over  by  ignorant  people  in  search  for  a  supposed 
treasure,  and  no  trace  remained  of  the  side-i)Osts  at  the  west  end  of  the  base.  Fortunately,  the 
monument  at  that  end  had  not  been  disturbed,  and  was  made  available  by  Lieutenant  Moser  for 
adjusting  the  hydrographic  work  in  South  Edisto  River.  That  stream  was  sounded  upward  to  its 
connection  with  the  Dawho.  Saint  Pierre  Creek  was  sounded,  the  upper  part  of  North  Edisto, 
Dawho  River  and  its  branches,  and  each  of  the  creeks  passable  for  boats  on  Edisto  Island.  Lieu- 
teuant  Moser  states  that  the  shoals  that  form  in  the  middle  of  the  rivers  aie  invariably  of  hard 
sand,  the  banks  at  the  same  places  being  soft  mud.  The  statistics  of  work  are: 

Miles  run  in  soundings. . .  252 

Angles  measured .  1, 738 

Number  of  soiuulings . 22,477 

Hydrography  of  Saint  Helena  Sound,  S.  G. — Remarkable  shore-line  changes  caused  by  sea- 
encroachment  at  the  north  end  of  Hunting  Island  were  mentioned  in  my  rei)ort  of  last  year.  In 
order  to  ascertain  the  corresponding  alterations  in  depth,  a  projection  was  intrusted  to  Lieutenant 
S.  Ex.  37 - 5 
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Moser,  wlio  reached  the  locality  in  the  schooner  G.  M.  Bache  on  the  2l8t  of  February,  1876.  As 
soon  as  possible  a  few  points  were  determined  additional  to  those  marked  on  the  projection,  and  the 
altered  shore  line  was  traced  by  the  hydrographic  party. 

The  new  channel  passing  the  north  end  of  Hunting  Island  and  lemiing  into  Johnson’s  Creek  is 
reported  by  Lieutenant  Moser  as  having  eight  feet  at  mean  low  water.  A  line  of  soundings  was  run 
through  midchannel  in  Harbor  River  as  a  means  for  detennining  whether  or  not  any  alteration  hml 
been  caused  in  the  dei>th  of  that  entrance.  Tlie  tides  were  observeil  and  recorded  for  one  liuiation 
at  the  light  house  wharf,  Hunting  Island.  In  the  new  channel  current-observations  were  tried,  but 
Lieutenant  Moser  found  that  there  the  current  was  mainly  induced  by  the  wind.  To  his  inquiries 
hi  regard  to  the  probable  rate  of  encroachment  the  replies  given  by  the  neai’est  residents  were  not  con¬ 
sistent.  It  was,  however,  observed  by  the  party  that  at  one  place  on  the  exposed  side  thirteen  feet 
of  the  bank  washed  away  in  the  course  of  six  weeks.  The  rate  of  sea-encroachments  has  seemed  to 
depend  on  the  frequency  and  a  iolence  of  easterly  storms,  but  is  now  so  much  lesseneil  that  compar¬ 
ison  of  the  outline  traced  early  in  July,  1875,  with  that  found  in  March  last  by  Lieutenant  Moser 
shows  very  little  alteration  corresponding  to  that  interval  of  time.  The  sbitistics  of  the  hydro- 


graphic  work  are : 

Miles  run  in  soundings .  65 

Angles  measured . *. .  758 

Number  of  soundings . .  7,543 


Lieutenant  Moser  was  assisted  in  this  section  by  Master  J.  B.  Murdock,  U.  S.  N.  After  com¬ 
pleting  the  Avork  mentioned  under  the  preceding  head,  the  schooner  was  returned  to  Baltimore,  and 
was  there  refitted  for  serAice  in  Section  II. 

Primary  trmnyulation. — Assistant  C.  O.  Boutelle  during  the  course  of  the  fiscal  year  occupied 
and  completed  observations  at  five  primary  stations  in  the  mountain  region  of  South  Caroluia  and 
Georgia.  Of  these  the  most  southern  station  was  occupied  first.  After  completing  the  measure¬ 
ment  of  angles  at  Blood  Mountain  and  Rabun  in  Northern  Georgia,  the  primary  points  at  Pinnacle, 
Paris,  and  Mauldin,  S.  C.,  were  occupied  in  succession,  field-work  for  tlie  season  closing  at  the 
stations  last  named  late  in  December,  1875. 

The  several  sbitions  mentioned  above  are  part  of  the  series  of  points  selectecl  in  reconnais¬ 
sance  for  a  chain  of  quadrilaterals  stretching  northwi^d  and  eastw^ard  from  the  base-line  near 
Atlanta,  and  to  be  ultimately  joined  Avith  a  series  of  quadrilaterals  which  has  been  extended  south- 
Avard  and  westw  ard  along  the  Blue  Ridge  thi-ough  the  State  of  Virginia.  (See  sketches  Nos.  10 
and  11.)  Blood  Mountain,  4,468  feet  high,  was  occupied  by  Mr.  Boutelle  late  in  June,  and  the 
measurement  of  horizontal  angles  with  a  20-inch  theodolite  Avas  completed  by  the  15th  of  July, 
1875.  Seven  prinjar^^  stations  were  observed  on  fi'om  Blood  Mountain,  and  the  approximate 
positions  and  elevations  of  twenty-three  subsidiary  points  were  noted  m  a  separate  record. 

In  the  middle  of  July  the  party  was  transferred  to  Rabun  Mountain,  wheie  obserA  ations  were 
begun  on  the  27th  of  July.  This  station  has  a  height  of  4,717  feet,  and  is  nearly  forty  miles 
distant  from  Blood  Mountain.  On  reaching  the  station  at  Rabun  it  was  found  that  the  large  signal- 
pole  previously  set  up  in  the  reconnaissance  had  been  shattered  by  lightning,  and  that  the  signal 
left  at  Blood  Mountain  had  disappeared.  Subsequently,  it  was  ascertained  that  two  days  after  the 
party  left  Blood  Mountain  the  signal-pole  there  had  been  totally  destroyed  by  bghtning,  makmg 
the  third  instance  which  had  occurred  in  the  operations  of  this  party  in  the  coui’se  of  two  months 
The  theodolite  at  Rabun  Mountain  w'as  protected  Jis  far  as  practicable  by  the  erection  of  a  lightning- 
rod,  which  was  transferred  after  the  13th  of  August,  when  the  party  was  moved.  Twenty-one  promi¬ 
nent  mountains  and  other  objects  were  observed  on  from  Rabun,  exclusive  of  eight  primary  signals 
on  which  the  measurements  were  repeated,  as  usual,  writh  the  utmost  accuracy. 

Pinnacle  Mountain,  3,442  feet  high,  in  South  Carolina,  w^as  occupied,  and  while  arrangements 
were  in  progress  for  adjusting  the  theodolite  there,  Mr.  Boutelle  fomid  it  practicable  to  estabUsh  a 
tripod-signal  on  Wottbrd  College,  in  Spartanburg.  Having  adjusted  a  structure  for  subsequent  use 
on  the  college  building,  observations  were  begun  at  Pinnacle  on  the  25th  of  August,  and  were  com¬ 
pleted  on  the  8th  of  September.  Six  outlying  signals  were  observed  on,  and  thirty-six  mountain- 
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peaks  or  other  subsidiary  objects,  notes  of  which  in  respect  of  direction,  thougfli  made  incidentally^ 
will  be  of  sj>ecial  value  hereafter  for  correcting  the  State  map,  or  in  time  for  the  uses  of  the  State 
authorities  if  a  survey  of  the  State  should  be  instituted  by  them. 

Favore<l  thus  far  by  good  weather,  corresponding  progress  had  been  made  by  the  party  when 
the  theodolite  was  moved  to  Paris  Mountain,  2,057  feet  in  height,  and  almut  eight  miles  north  of 
Greenville,  S.  C.  After  the  middle  of  September,  however,  alternating  storms,  and  the  smoky  or 
hazy  weather  of  autumn  succeeded,  and  much  retardcil  the  observations  at  this  important  station. 
Eleven  outlying  signals  were  to  be  observed  on,  and  tliree  of  them  were  more  than  sixty  miles  dis¬ 
tant  from  the  theodolite.  While  the  geodetic  work  was  delayed,  astronomical  observations  were 
recorded  for  latitude  and  time  with  zenith- telescope  No.  5  and  transit  No.  11,  by  Messrs.  II.  W. 
Blair  and  J.  B.  Boutelle,  aids  in  the  party.  Forty -four  pairs  of  stars  were  used  for  determining  the 
latitude,  each  pair  being  observed  on  not  less  than  five  nights.  In  reference  to  the  result,  Assisbint 
Boutelle  remarks : 

‘‘  Each  observer  computed  the  apparent  place  of  the  shirs  he  observed,  and  made  the  field- 
reduction  of  liis  observations  while  keeping  up  with  his  field-duties.  Paris  Mountain  is  nearer  the 
mass  of  mountains  of  North  Carolina  and  Tennessee  than  any  other  astronomical  station  is  in  rela¬ 
tion  to  similar  masses.  But  the  resulting  latitude  is  2".5  greater  than  the  geodetic  latitude  brought 
forwai-d  Irom  the  mean  of  four  astronomical  stations  southwest  of  it,  and  farther  from  the  mountain, 
massea,  indicating  attraction  of  the  plumb-line  in  an  opposite  direction,  or  toward  tide- water,  pre¬ 
cisely  as  was  found  in  Maryland  and  Virginia.^ 

While  operations  were  in  progress  at  Paris  Mountain,  Subassistant  Edwin  Smith  was  i>u8hing 
a  reconnaissance  across  the  southern  boundary  of  Virginia  for  stations  to  connect  properly  with  the 
triangulation  of  Mr.  Boutelle.  To  insure  the  conditions  desired  the  two  observ^ers  conferred  at  Paris 
Mountain  in  October,  and  the  entire  scheme  was  soon  after  perfected. 

At  the  geodetic  station  near  Greenville  azimuth  was  determined  by  observations  recordeil  on 
twelve  nights  between  October  23  and  November  20,  1875.  Owing  to  frequent  intervals  of  bad 
weather  the  measm'emeut  of  horizontal  angles  was  not  concluded  until  the  1st  of  December. 
Exceptionally  good  weather  retiu*ning  some  days  after,  Mauldin  station  was  occupied  with  the 
theodolite,  and  the  horizontal  angles  at  that  center  were  measured  between  the  8th  and  14th  of 
December.  Before  leaving  the  field  at  either  of  the  stations,  the  point  of  observation  was  scHJUiely 
marked  for  identification  at  any  time  hereafter.  The  statistics  of  the  triangulation  of  this  year  are : 


Stations  occupied .  5 

Angles  measured .  33 

Number  of  observations .  2,  867 


Mr.  Blair,  when  detached  from  the  party  of  Assistant  Boutelle,  reported  at  the  office  in  Wash¬ 
ington,  and  during  the  winter  tested  the  graduation  of  several  of  the  theodolites  that  had  been  in 
use,  and  also  the  capacity  of  the  dividing  engine  to  repeat  precisely  in  consecutive  subdiiisions  of 
the  same  limb.  During  the  remaining  part  of  the  fiscal  year  Mr.  Blair  was  engaged  in  arranging 
matter  for  the  publication  of  the  transatlantic  longitude  work  of  the  year  1872.  At  intervals,  how¬ 
ever,  he  was  employed  in  making  the  comparisons  needful  for  the  adjustment  of  length -metisui'es 
(meters)  constructed  in  the  office,  and  in  computing  star-places  for  use  in  future  observations. 

Tidal  obitervatiom. — ^The  need  of  a  full  series  of  tidal  observations  at  some  point  on  the  Atlantic 
coast  of  the  Southern  States  having  been  long  pending,  provision  has  been  made  for  recording  a 
series  either  at  Port  Eoyal,  S.  C.,  or  at  Fernandina,  Fla.  As  the  selection  of  the  station  could  not 
be  definitely  made  previous  to  the  coming  winter,  the  apparatus  intended  for  it,  and  in  which  are 
combined  all  the  later  improvements  for  registering  the  tidal  action  continuously,  was  sent  to  the 
National  Exhibition  at  Philadelphia,  and  there  remained  during  the  summer  of  the  present  year  as 
one  of  the  objects  in  the  collection  which  made  up  the  Coast  Survey  exhibit  in  the  Centennial  Expo- 
sitioD. 
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SECTION  VI. 

ATLANTIC  AND  GULF  COAST  OF  THE  FLORIDA  PENINSULA,  INCLUDING  THE  REEFS  AND  KEYS  AND 
THE  SEAPORTS  AND  RIVERS.— (Sketches  Nos.  13a,  136,  and  14.) 

Hydrography  of  Fernandina  Harbor^  Fla, — For  the  pmiiose  of  facilitating  the  action  of  the 
Engineer  Department,  when  questions  in  regard  to  the  improvement  of  the  entrance  channels  were 
under  consideration,  a  hydrographic  surv  ey  of  the  bar  of  Fernandina  Harbor  was  directed  in 
November,  1875.  The  work  was  begun  on  tlie  1st  of  Decemlier,  and  was  prosecuted  till  the  3d  of 
January  following  by  Lieut.  (Commander  J.  C.  Rennett,  U.  S.  N.,  assistant  in  the  Coast  Sur\^ey, 
with  his  party,  in  the  steamer  Bache. 

“Carefiil  attention  was  given  to  the  development  of  known  and  probable  channels.  Well- 
marked  shoals  and  breakers  and  the  deepest  water,  as  shown  by  previous  surveys,  were  not  exam¬ 
ined.  Our  work  will,  I  think,  show  no  decided  change,  except  the  gradual  movement  of  the  main 
channel  to  the  southward.” 

Lieutenant-Commander  Kennett  trailed  the  altered  shore-line  of  Cumberland  Island,  and 
marked  the  results  on  his  hydrographic  sheet.  The  statistics  of  soundings  are: 


Miles  run .  120 

Angles  measured . •. .  1,  024 

Number  of  soundings .  10,056 


For  purposes  of  comparison,  tracings  from  the  sheets  of  the  last  and  preceding  surveys  were 
furnished  to  the  Engineer  Department. 

Lieutenant-Commander  Kennett  was  aided  in  this  section  and  also  in  Section  I  by  Acting 
Ensign  George  Glass. 

Survey  of  the  Saint  John^s  River  ^  Fla, — To  provide  forextending  the  survey  of  the  Saint  John’s  River 
above  Jacksonville,  a  party  was  organized  under  the  charge  of  Assistant  H.  G.  Ogden  for  8er^ice  with 
the  steamer  Hitchcock,  and  that  vessel  was  dispatched  from  Baltimore  on  the  24th  of  October,  1875. 
Except  between  Cape  Fear  and  Saint  Helena  the  southern  passage  was  made  entirely  through  the 
inland  waters.  The  steamer  reached  Jacksonville  on  the  12th  of  November.  Without  delay  search 
was  made  for  points  at  which  the  triangulation  of  the  river  had  ceased  when  the  survey  in  a  former 
year  was  closed  near  Jacksonville.  From  thence  to  the  southward  a  reconnaissance  w^as  conducted 
by  Assistant  Ogden  to  Enterprise  on  Lake  Monroe,  which  is  a  hundred  and  fifty  miles  by  the  river- 
course  to  the  southward  of  Jacksonville. 

On  the  let  of  January,  1876,  the  surv  ey  of  the  riyer  was  taken  up  at  limits  where  the  work  ter- 
nunated  some  years  ago.  A  base-line  was  marked  out  near  Jacksonville,  and  was  carefully  measured, 
and  from  that  vicinity  a  series  of  triangles  was  extended  to  Mandarin  I'oint.  This  includes  about 
fourteen  miles  of  the  course  of  the  river.  Azimuth  was  measured  at  the  station  Bluff,  by  forty-eight 
observations  on  Polaris  near  western  elongation,  on  three  different  nights.  The  shores  of  the  river  were 
traced  by  means  of  the  plane-table  within  the  limits  of  the  triangulation,  but  the  fiinds  av  ailable  for 
the  operations  of  this  party  did  not  admit  of  extending  the  hydrography  abov^e  Jacksonville.  Tidal 
observ^ations,  however,  were  made  during  one  lunation.  In  the  reconnaissance  soundings  were 
carried  throughout  as  far  as  Lake  Monroe.  Mr.  Ogden  reports  that  the  channel  of  the  Saint  John’s 
has  nine  feet  of  water  as  far  as  Buchalon’s  Blufi',  which  is  nearly  eleven  miles  south  of  Pilatka,  and 
from  thence  on  a  depth  of  sev^en  feet  to  Volusia  Bar  at  the  southern  end  of  Lake  George.  The  depth 
on  that  bar  is  only  four  and  a  half  feet,  but  to  the  southward,  and  as  far  as  Lake  Monroe,  the  channel 
has  an  average  depth  of  sev^en  feet.  A  bar,  however,  is  met  where  the  river  passes  into  the  last- 
named  lake.  The  capacity  of  the  channel  as  here  mentioned  refers  to  an  average  stage  of  the  river. 
During  freshets  the  depths  are  increased  by  several  feet,  but  at  the  lowest  stages  the  water  is  seldom 
as  much  as  one  foot  less  than  the  depths  here  reported. 

Subassistant  W.  I.  Vinal  was  attached  to  the  party  in  the  steamer  Hitchcock,  and  Messrs.  F.  H. 
North  and  J.  F.  Pratt  served  as  aids.  Field-work  was  prosecuted  until  the  Ist  of  April,  when  the 


Digitized  by  AiOOQle 


THE  UNITED  STATES  COAST  SURVEY.  37 

vessel  was  laid  iii>  at  a  station  iu  the  river,  about  two  miles  above  Jacksonville,  in  readiness  for 
resuming  the  survey  hereafter.  The  following  are  statistics  of  the  survey  as  far  as  it  was  mlvanced : 

Signals  erected .  19 

Stations  occux>ied .  19 

Angles  measured .  148 

Number  of  observations .  4,  458 

Shore-line  surveyed,  miles .  30^ 

Roads,  miles .  12 

Topograi)hy,  square  miles .  4 

Miles  ran,  reconnaissance . 204 

Casts  of  the  leail .  7, 104 


Twenty-foiu  imints  were  determineil  in  position  by  the  triangulation  of  this  year  on  the  Saint 
John’s. 

ISurvey  of  Indian  River ^  Fla, — In  continuation  of  this  work.  Assistant  Charles  Hosmer  organized 
a  partj’  and  resumed  operations  on  the  4th  of  October,  1875,  in  the  upi)er  i)art  of  Indian  River, 
where  he  had  closed  work  at  the  end  of  May  of  the  same  year.  Of  the  several  branches  of  survey 
the  triangulation  was  pushed  to  the  southward  twenty -six  miles,  and  the  topography  nearly  twenty 
miles.  Soundings  were  completed  within  the  plane-table  limits. 

The  country  over  which  the  work  of  this  season  extends  is  similar  to  that  passed  over  last  year, 
except  tliat  the  west  side  of  Indian  River,  south  of  Titusville,  is  dry  and  sandy,  and  covered  with  a 
dense  growth  of  pine,  palmetto,  and  oak.  The  west  bank  is  about  ten  feet  above  high  water  at 
Titusville  and  gradually  attains  a  height  of  eighty  to  one  hundred  feet  in  the  vicinity  of  City  Point 
and  Oleander  Point.  The  region  is  very  sparsely  inhabited  and  means  of  communication  are  yet 
wanting. 

Banana  Ci  eek,  a  branch  of  Indian  River  above  Cape  Canaveral,  was  included  in  the  survey  of  this 
year.  The  sloop  Steadfast  was  used  in  this  work  while  means  held  out  for  prosecuting  the  survey, 
hnt  iu  the  middle  of  Febraary  of  the  present  year  the  vessel  was  laid  up  and  the  part^^  disbanded. 

Assistant  Hosmer  was  aide<l  in  the  field  by  Subassistaut  Eugene  Ellicott  and  by  Messrs.  W.  E. 
McClintock  and  T.  A.  Harrison.  As  yet  the  detailed  survey  of  the  outer  coast  rests  at  a  point 
several  miles  north  of  Cape  Canaveral,  but  the  survey  of  Indian  River  has  been  extended  as  far  to 
the  southward  of  the  Cape.  The  statistics  of  this  season  are : 


Signals  erected .  23 

Stations  occupied . 23 

Angles  measured . 467 

Number  of  observations .  2, 802 

Shore-line  surveyed,  miles .  186 

Roads,  miles .  29 

Area  of  topography,  square  miles .  100 

Miles  run  in  sounding .  579 

Angles .  1,962 

Casts  of  the  lead .  20, 900 


Twenty-six  points  wei*e  determined  in  position  by  observations  with  the  tlieodolite. 

Hydrography  of  Key  Bwcayne  Bay^  Fla, — Under  the  head  of  Section  II,  in  this  report,  mention 
has  l>een  made  of  the  associate  service  of  Lieut.  C.  A.  Bradbury,  U.  S.  N.,  assistant  in  the  Coast 
Survey,  on  board  the  schooner  Palinunis,  and  of  the  transfer  of  that  vessel  to  his  charge  in  December, 
1875.  The  schooner  was  refitted  at  Norfolk  and  reached  Charleston,  S.  C.,  on  the  27th  of  January. 
Frequent  storms  delayed  the  passage  of  the  party  southward.  Ofi'  the  coast  of  Florida  the  damage 
snstained  by  the  vessel  made  it  necessary^  to  return  to  Saint  Augustine  for  repairs.  The  l^alinimis 
reached  Cape  Florida  on  the  19th  of  March  and  next  day  passed  up  to  the  head  of  Key  Biscayne 
Bay.  Lieutenant  Bradbury  set  up  a  tide-staff  at  the  mouth  of  Miami  River,  and  identified  the 
ground-marks,  which  were  set  in  1855  at  the  ends  of  the  base-line  meiisiired  on  the  shore  of  the  bay. 
Twenty-two  signals  were  set  up,  and  triangulation  was  carried  from  the  light-house  at  Cape  Florida 


Digitized  by 


38 


EEPORT  OF  THE  SUPERINTBNDEITr  OP 


SO  as  to  connect  with  the  north  end  of  the  Key  Biscayne  base.  As  soon  as  practicable,  soundings 
were  commenced  in  the  bay,  and  by  the  13th  of  May  the  hydrography  was  completed  up  to  the 
mouth  of  the  Miami.  The  statistics  of  this  work  are: 


Miles  run  in  sounding .  172 

Angles  measured .  1, 152 

Number  of  soundings .  15, 263 


Lieutenant  Bradbury  with  his  partj"  in  the  Palinunis  left  Key  Bisca^me  Bay  on  the  16th  of  May 
and  passing  southward  recorded  notes  for  compilation  in  the  Coast  Pilot  of  the  Florida  Reefs.  Sail¬ 
ing-lines  were  run  for  tlie  Hawk  Channel;  and  for  entering  Key  West  Harbor;  also  for  crossing  the 
reefs  at  Knight’s  Key,  Indian  Key,  and  abreast  of  the  Ragge<l  Keys.  Between  Virginia  Key  and 
Key  West  aU  the  harbor-approaches  and  the  appearance  of  the  land  in  tlieir  vicinity  were  noted  for 
compilation,  and  the  outside  sailing-lines  were  traced  from  Cape  Florida  to  the  Tortugas.  This 
service  employed  the  vessel  until  the  middle  of  June,  when  the  party  was  recalled.  Lieutenant  Brad¬ 
bury  then  returned  to  New  York  and  laid  up  the  v^essel. 

In  the  middle  of  April,  while  Lieutenant  Bradbury  was  with  his  vessel  at  Miami  in  Key  Bis- 
cayne  Bay,  he  was  requested  by  the  United  States  district  attorney  for  the  southern  district  of 
Florida  to  assist  in  arresting  three  men  for  whom  warrants  had  been  issued  on  a  charge  of  murder. 
After  the  same  request  had  been  urged  by  the  deputy  United  States  marshal  the  persons  charged 
were  arrested,  and  for  security  were  kept  by  Lieutenant  Bradbury  on  board  the  Paliiiurus  until  the 
schooner  Liberty,  which  had  been  sent  from  Key  West  by  the  district  attorney,  was  reudy  to  transfer 
the  prisoners  to  that  port. 

Tri^ngulation  of  Sarasota  Bay,  Fla. — After  the  completion  of  work  which  will  be  mentioned 
under  the  next  head.  Subassistant  Joseph  Hergesheimer  transferrecl  his  party  in  February  of  the 
present  year  in  the  schooner  Speedwell  to  Sarasota  Bay  and  selected  stations  for  a  triangulation  to 
extend  above  and  below  Long  Boat  Inlet.  Sev^eral  lines  of  sight  were  opened  through  the  growth 
of  pine  and  mangrove  that  abounds  along  the  shores,  but  the  limitetl  means  available  for  the  work 
of  this  party  did  not  admit  of  occupying  either  of  the  stations  with  the  theodolite.  A  good  harbor 
is  found  inside  Long  Boat  Inlet  with  nine  feet  of  water  on  the  bar.  Mr.  Hergesheimer  reports  that 
between  that  inlet  and  Tampa  Bay  the  channel  has  live  and  a  half  feet  at  low  water,  and  that  the 
depth  is  greater  to  the  southward.  Several  inlets,  moreover,  with  good  water  on  the  bars,  will 
doubtless  be  developed  when  the  work  is  extended  to  the  lower  part  of  Sarasota  Bay.  Subassistant 
Hergesheimer  was  aided  in  this  section  by  Mr.  Charles  T.ippan.  The  work  was  discontinued  for  the 
season  on  the  1st  of  March,  but  arrangements  are  now  in  progress  for  pushing  the  triangulation  and 
shore-line  surv^ey  during  the  ensuing  winter. 

Topography  of  HiUsborcP  Bay,  Fla. — The  party  of  Subassistant  Hergesheimer  was  in  readiness 
in  this  section  before  the  close  of  November,  1875,  with  the  schooner  Speedwell,  but  owing  to  the 
inclemency  of  the  weather  plane-table  wwk  was  prevented  until  the  10th  of  December,  1875.  At 
all  favwable  intervals  Mr.  Hergesheimer  took  the  field,  and  by  the  end  of  January  had  mapi)ed  the 
shores  of  Hillsboro’  Bay,  essentially  completing  the  survey  of  Tampa  Bay  and  the  adjacent  waters. 


The  statistics  of  the  work  are : 

Shore-line  surv^eyed,  miles .  110 J 

Roads,  miles .  21^ 


Mr.  Tappan  served  as  aid.  Work  subsequently  done  by  this  party  has  been  noticed  under  the 
preceding  head. 

Hydrography  of  the  Gulf  coast  mar  Sarasota  Bay,  Fla. — After  completing  in  March  the  hydro¬ 
graphy  of  Hillsboro’  Bay,  mention  of  which  will  be  made  in  its  proper  geographical  order  under  the 
next  head,  Lieut.  J.  M.  Hawley,  U.  S.  N.,  assistant  in  the  Coast  Survey,  vrith  a  party  in  the  schooner 
Earnest,  took  up  soundings  outside  of  Long  Key,  which  in  part  separates  the  waters  of  the  Gulf  of 
Mexico  from  Sarasota  Bay.  Above  Long  Boat  Inlet  a  junction  was  made  with  the  hydrographic 
work  done  in  a  previous  season  by  Acting  Master  Robert  Platt,  U.  S.  N.,  and  from  that  limit  the 
hydrography  was  extended  southward  to  New  Pass.  Seaward  the  lines  of  soundings  were  carried 
about  five  miles  through  the  waters  of  the  Gulf.  Signals  were  set  up  along  the  shore  of  the  Key 
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by  the  middle  ot  uApril.  The  boisterous  weather  which  prevailed  until  the  17th  of  May,  when  the 
work  was  closed,  made  it  impracticable  to  employ  the  laimch.  At  intervals  when  the  water  was  not 
too  rough  tlie  E^arnest  left  her  anchorage  in  Sarasota  Bay  and  atlded  to  the  record  of  soundings. 

The  only  available  pass,  for  vessels  drawing  over  five  feet,  into  Sarasota  Bay,  is  Big  Samsota 
Pass,  and  that  is  dangerous  in  bad  weather.  Long  Boat  Inlet  is  sometimes  used  in  tine  weather.^ 

In  addition  to  the  hydrographic  sheet  of  Gulf  soundings.  Lieutenant  Hawley  has  turned  in  a 
sheet  on  a  lari^e  scale,  showing  the  character  of  Long  Boat  Inlet.  The  statistics  of  his  work  in  the 
vicinity  of  Sarasota  Bay  are : 


Miles  run  in  sounding .  173 

Angles  measured .  509 

Number  of  soundings .  2,647 


Work  was  closed  for  the  season  in  this  section  by  Lieutenant  Hawley  on  the  18th  of  May,  when 
the  schooner  Earnest  returned  to  the  North,  and,  after  refitting  at  Boston,  was  employetl  for  service 
in  Section  I. 

Lieut.  U.  R.  Harris,  Master  G.  C.  Haiiiis,  and  Ensign  A.  H.  Cobb,  U.  8.  N.,  assisted  in  the  Gulf 
hydrography  mentioned  under  this  and  the  next  head.  PreAiously,  the  party  had  been  employed  in 
work  which  has  been  noticed  under  the  head  of  Section  I. 

Hydrography  of  Hillshor<P  Bay^  Fla, — Lieutenant  Hawley,  having  turned  over  the  command  of 
the  schooner  G.  M.  Bache  to  Lieut.  J.  F.  Moser,  took  charge  of  the  schooner  Earnest,  and  sailed 
from  Baltimore  on  the  17th  of  December,  1875.  Continued  rough  weather  off  Cai)e  Hatteras  made 
h  expedient  to  return  to  Hampton  Eoads,  from  which,  after  needftil  repairs,  the  vessel  was  passed 
through  the  Albemarle  and  Chesapeake  Canal  and  again  put  to  sea  through  Ocracoke  Inlet,  meet¬ 
ing  there  a  favorable  wind  on  the  11th  of  Januaiy.  At  Key  West,  coal  was  shipped  for  use  in  the 
small  steam-launch  assigned  for  service  in  the  hydrography.  The  schooner  reached  Tampa  on  the 
0th  of  February.  Signals  were  set  up  immediately,  and  soundings  were  begun  in  Hillsboro  Bay. 
The  steam-launch  arrived  on  the  15th,  and  two  days  after  was  in  effective  service,  with  a  sounding- 
party  on  board.  At  the  outset.  Lieutenant  Hawley  established  a  tide-station  at  Tampa,  where  day 
and  night  ol>8ervation8  were  recorded  during  forty  days.  All  intervals  of  weather  favorable  for 
work  were  occupied  by  the  two  parties  in  advancing  the  hydrography  of  Hillsboro’  Bay,  which  work 
was  completeil  by  the  middle  of  March. 

‘‘The  soundings  in  Hillsboro’  Bay  dev’elop  a  good  two-fathom  channel  to  within  about  two  miles 
of  Tampa,  where  the  bottom  gradually  rises  and  becomes  bare  at  low  water,  except  in  the  narrow, 
tortuous  channel,  through  which  only  six  feet  can  be  carried  at  mean  low  tide  into  Hillslwro’  River. 

“The  shoals  in  the  bay  are  all  of  hard  sand;  the  bottom  of  the  channel  is  ev’ery where  of  soft 
mud,  and  hence  in  going  up  the  bay  soft  bottom  is  an  indication  of  l)eing  in  the  best  water. 
Anchorage  is  good  about  a  mile  to  the  northward  of  Ballast  Point  for  vessels  drawing  less  than  ten 
feet.” 

The  statistics  of  work  in  Hillsboro’  Bay  are: 


Miles  run  in  sounding .  363 

Angles  measured . .  1, 414 

Number  of  soundings .  21, 103 


Subsequent  work  done  by  the  party  of  Lieutenant  Hawley  in  this  section  has  been  noticed 
under  the  preceding  head. 


SECTION  VII. 

GULF  COAST  AND  SOUNDS  OF  WESTERN  FLORIDA,  INCLUDING  THE  PORTS  AND  RIVERS. 

(Sketch  No.  15.) 

Topography  and  hydrography  north  of  Cedar  Keys^  Fla, — After  the  completion  of  duty  which  has 
been  noticed  in  this  report  under  the  head  of  Section  III,  Assistant  F.  W.  Perkins  organizeil  a  part 
for  service  with  the  schooner  Ready  and  left  Old  Point  Comfort  on  the  llth  of  January,  1876 
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Light  winds  and  calms  delayed  the  passage,  but  the  party  was  at  work  near  Cedar  Keys  by  the 
end  of  that  month.  The  triaiigulation  requisite  w^as  pushed  from  Bowlegs  Point  southward  by 
occupying  stations  near  the  shore  line  of  the  Gulf  and  observing  w  ith  the  theodolite  on  signals 
placed  several  miles  out  in  the  Gulf  w  aters.  In  March  a  base  line  w^as  measured  3335.7  meters  long 
on  the  coast  south  of  Bowdegs  Point. 

Following  the  triangulation  the  plane-table  survey  was  advances!  from  Bowlegs  Point  south¬ 
ward  and  eastward  as  far  as  Horse-shoe  Bay.  The  shore  line  suivey  was  continued  in  the  same 
direction  to  the  mouth  of  Suw-anee  River.  This  part  of  the  coast  is  skirted  with  many  small 
islands  and  is  marked  by  w  ell-defined  reefs  running  parallel  with  the  shore  line. 

Within  the  limits  of  the  completed  topography  soundings  w  ere  made,  the  lines  generally  run¬ 
ning  out  to  an  average  distance  of  about  eleven  miles  from  the  Gulf  coast.  The  statistics  of  the 
w ork  are : 


Signals  erected . 41 

Stations  occupied .  8 

Kumber  of  observations .  2,  471 

Twenty-four  points  were  determined  by  the  triangulation. 

Shore  line  surveyed,  miles .  63 

Creek -line,  miles . 52 

Itoads,  miles . 5 

Area  of  topography,  square  miles .  30 

Miles  run  in  sounding .  557 

Angles  measured .  2,  440 

Kiunber  of  soundings .  30,707 

Field-work  was  discontinued  early  in  June.  The  schooner  Ready  was  soon  afterward  laid  up 
at  Apalachicola,  where  pi*eparations  are  now^  in  progress  for  resuming  the  siu*vey  near  the  mouth  of 
Suwanee  River.  Messrs.  J.  De  Wolf  and  W.  S.  Bond  were  in  service  with  the  party  in  this  section. 

Hydrography  of  AppaJmhee  Bay^  Fla, — For  resuming  work  in  this  section  the  party  of  Master 
Kossuth  Niles,  tJ.  S.  N.,  Assistant  in  the  Coast  Surv^ey,  was  rex>rganized  at  Saint  Mark’s  on  the  23d  of 
October,  1875,  the  schooner  Sillimau  having  been  previously  laid  up  in  Apalachicola  River.  In  the 
course  of  a  w  eek,  day  and  night  observations  were  commenced  with  tw  o  tide-gauges  at  Saint  Mark’s 
light  house  and  the  record  was  continued  diu*ing  the  month  of  November.  Five  sheets  had  been 
projected  at  the  office,  to  include  the  hydrography  of  tlie  Gulf  coast  from  Rock  Island  westward  to 
Tiu*key  Point,  biking  in  Appalachee  Bay  and  its  several  tributaries,  among  which  are  Ocilla 
River,  Stony  Bayou,  Sa'iit  Miirk’s  River,  West  Bay,  Shallow^  Bay,  Ocklockony  Bay,  and  farther 
to  the  westward,  Alligator  Harbor.  These  were  all  developed  by  soundings  in  the  course  of  the  sea 
son.  During  the  winter  the  w^eather  was  very  unfavorable  for  service  afloat.  Near  the  end  of 
February,  when  the  w-eather  somewhat  improved,  Master  Niles  was  joined  by  a  steam-launch 
which  had  been  provided  to  aid  in  the  hydrography,  and  good  progress  was  made  in  the  w^ork  until 
the  19th  of  March,  when  operations  on  this  part  of  the  coast  were  interrupted  by  a  v^ery  heavy  gale, 
which  blew  down  some  of  the  signals  relied  on  for  continuing  the  soundings.  By  the  29th  of  April 
all  the  hydrography  intended  to  the  eastward  of  South  West  Cape  was  completed.  For  reducing 
the  soundings  afterward  made  to  the  westward  of  the  cape,  a  tide-gauge  was  established  at  the 
wharf  at  Saint  Teresa,  and  a  plane  of  reference  obtained  for  it  from  day  and  night  observations 
during  two  weeks.  Launch  and  gig  being  both  kei)t  at  work  during  a  fav  orable  i)eriod,  the  fourth 
hydrographic  sheet  was  finished  on  the  23d  of  May.  The  interval  between  that  date  and  the  Ist 
of  June  was  occupieil  in  making  supplementary  sounduigs  in  Saint  Joseph’s  Bay,  north.  Master 
Niles  took  up  the  general  hydrography  of  Appalachee  Bay  on  the  9th  of  June.  As  the  signals  could 
not  be  seen  beyond  the  outer  limit  of  the  work  aheady  executed.  Master  Niles  detailed  an  officer 
from  the  schooner  to  occupy  the  bght-house  with  a  theodolite,  and  anchored  the  Silliman  in  posi¬ 
tions  most  advantageous  for  the  hydrographic  work.  The  vessel  was  held  by  a  short  stay  with 
mainsail  up,  and  on  signal  from  the  launch  simultaneous  observations  were  recorded  on  the  launch 
from  the  light-house  and  from  tiie  mast-head  of  the  schooner.  At  the  same  time  an  observer  on  the 
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launch  measured,  the  angle  made  by  imaginary  lines  to  the  vessel  and  the  light  house  or  other 
available  object.  The  fifth  sheet  of  soundings  was  ex)mpleted  on  the  20tli  of  June.  A  few  days 
after,  the  schooner  and  launch  were  laid  up  in  Saul’s  Ci-eek  above  Apalachicola.  After  discliarging 
the  crew,  Master  Niles,  assisted  by  Masters  W.  F.  Low,  H.  O.  Rittenhouse,  and  H.  W.  Schaefer,  U. 
S.  1^.,  completed  the  charts  resulting  from  the  work  of  the  season,  and  forwarded  tliem  to  the  office 
with  duplicate  records  of  the  soundings  and  tidal  observations.  The  statistics  are : 


Miles  run  in  sounding .  1,  352 

Angles  measured . .  7,  662 

Number  of  soimdings . .  109,  985 


Master  Niles  is  now  engaged  hi  hydrographic  work  in  Section  VIII. 

Near  West  Pass,  on  the  25th  of  May,  when  Master  Niles  was  on  his  coiuse  for  hydrographic 
work  in  Saint  Joseph’s  Bay,  tlie  Pensacola  navy-yard  steam-tug  Rose  was  seen  aground  and  to  be 
thumping  badly  on  the  East  Bank.  After  taking  off  the  passengers,  ten  in  all,  and  landing  them 
at  Apalachicola,  Master  Niles  returned  to  the  tug,  the  head  of  which  by  the  aid  of  the  launch  had 
been  previously  got  to  sea,  and  as  the  rudder  of  the  tug  had  been  destioyed  in  the  breakers,  the 
vessel  was  towed  to  the  upper  anchorage  off  Apalachicola. 

Gulf  hydrography  near  Pensacola  entrance^  Fla, — East  and  west  of  Pensacola  entrance,  a  stretch 
of  about  sixty-five  miles  of  the  Gulf  coast  has  been  sounded  by  the  party  of  Lieut.  R.  D.  Hitchcock, 
U.  S.  N.,  assistant  in  the  Coast  Survey,  working  with  the  steamer  Gedney.  For  that  service  the 
vessel  left  New  York  on  the  5th  of  November,  1875,  but  next  day,  being  disabled  in  machinery,  was 
brought  to  anchor  off  Lewes,  and  as  soon  as  practicable,  was  repaired  at  Chester,  Pa.  Leaving  the 
Delaware,  after  delay  of  tliree  weeks  in  consequence  of  the  accident,  the  Gedney  reached  Pensacola 
on  the  7th  of  December. 

The  hydrogaphic  work  done  between  that  date  and  the  end  of  April,  1876,  is  comprised  on  three 
sheets.  Thirty  signals  were  erected  and  eight  stations  on  shore  were  occupied  in  the  course  of  the 
season.  Thirteen  buoys  within  the  working-limits  were  determined  in  position,  and  also  the  places 
occupied  by  three  wrecks.  Generally,  the  lines  of  soundings  were  extended  ten  miles  from  the  coast 
into  the  waters  of  the  Gulf.  Upward  of  fifteen  thousand  tidal  observ^ations  were  recoixied  at  a 
station  on  the  wharf  at  FoH  Pickens. 

The  currents  were  observed  off  the  outer  bar  of  Pensacola  Harbor.  Other  statistics  of  the 
hydrographic  work  are  in  the  following  summary : 

Miles  run  in  sounding .  548 

Angles  measured .  747 

Number  of  soundings . : .  5, 939 

Lieutenant  Hitchcock  was  assisted  in  this  service  by  Lieut.  James  Franklin,  and  by  Masters 
John  Hubbard,  H.  C.  T.  Nye,  and  J.  L.  Hunsicker,  U.  S.  N.  The  steamer  Gedney  had  been  previously 
employed  in  Section  I. 

Geodetic  connection^  Georgia  and  Alabama , — WTieii  my  report  of  last  year  close<l,  the  party  of 
Assistant  F.  P.  Webber  had  completed  obseiwations  at  John’s  Mountain,  a  station  in  Northern 
Georgia,  about  twenty -five  miles  from  the  boundary-line  between  tliat  State  and  Alabama.  The 
instruments  w^ere  transferred  to  Indian  Mountain  in  Alabama  early  in  July,  1875,  and  on  twenty-six 
outl>ing  signals  the  measurement  of  horizontal  and  vertical  angles  was  continued  until  the  2()th  of 
August.  Lavender  Mountain  in  Georgia  was  reoccupied  at  the  same  time  for  a  few  days  by  Sub¬ 
assistant  F.  D.  Granger  to  peifect  its  connection  with  stations  selected  to  the  westward  since  that 
station  was  first  oceupied  by  Assistant  Webber.  (See  sketch  No.  11.) 

Early  in  September  the  party  was  transferred  to  Gulf  Point,  and  there  measiuements  with  the 
theodolite  were  completed  by  the  9th  of  October.  Some  delay  arose  at  tliis  station  in  consequence 
of  the  difficulty  of  identifying  the  signal  at  a  station  somewhat  more  than  forty  miles  to  the  west¬ 
ward.  Mr.  Webber  took  the  field  for  reconnaissance,  and  ha^l  the  co-operation  of  Assistant  S.  C. 
McCorkle,  who  had  selected  the  stations  which  make  up  the  scheme  of  this  triangulation.  Pending 
the  required  modification,  Assistant  Webber  had  his  party  and  instruments  moved  to  Brandon 
Station  in  Alabama,  and  by  the  close  of  the  year  completed  the  angular  measurements  requisite  at 
S.  Ex.  37 - 6 
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that  point  in  the  series.  In  the  first  week  of  January  the  cainp-equipinente  were  stored  at  Marietta. 
Mr.  Webber  anti  Subassistant  Granger  then  took  up  the  computations,  and  after  completing  them 
and  duplicating  the  recortls  forwarded  the  data  as  usual  for  deposit  in  the  office.  The  general  sta¬ 


tistics  of  the  triangidation  are : 

Stations  occupied . 4 

Angles  measured . .  78 

Number  of  observations .  1, 980 


From  the  four  primary  stiitions  vertical  angles  were  measured  on  seventy -six  outl;>iug  points, 
principally  mountain-tops  or  well-recognized  hills. 

Assistant  Webber  was  aided  in  tlie  field  by  Mr.  J.  H.  Christian. 

In  extending  reconnaissance  to  the  westward  for  continuing  the  triangulation  here  noticed, 
natural  difficulties  interjmsed.  Stations  in  the  direction  and  at  the  distance  i*equired  were  hid  from 
view  by  intervening  ridges,  all  having  nearly  the  same  height.  Assistant  McCorkle  made  a  close 
examination  of  the  region,  and  ultimately  found  stations  for  a  quadrilateral  w  estw  ard  of  the  stations 
at  which  angular  measurements  had  l>een  completed  by  Assistant  Webber.  As,  however,  it  is  known 
that  similar  obstacles  to  progress  w  ill  interimse  in  proceeding  in  the  same  direction,  Mr.  Webl)er  has 
been  directed  to  perfect,  by  reconnaissance,  a  scheme  for  continuing  the  triangulation  westw^ard 
previous  to  the  completion  of  angular  measurements  at  the  western  border  of  the  scheme  which  now 
rests  near  the  eastern  boundary -line  of  Northern  Alabama. 

Trmn{jnUition  in  Kentucky, — In  conformitj'  with  the  request  of  Prof.  N.  S.  Shaler,  dii*ector  of 
the  State  Geological  Survey  of  Kentucky,  field-work  was  commenced  by  Prof.  William  Byrd  Page 
near  Cumberland  Gap,  on  the  7th  of  July,  1875,  and  oi)erations  were  continued  until  the  4th  of 
November.  The  countiy"  wiis  examined  in  a  northwesterly  direction  about  sixty  miles,  toward  Liv. 
ingstou.  As  reported  at  the  end  of  the  season,  the  movements  in  reconnaissance  were  greatly 
retarded  by  rains  and  fog.  The  mountain-ranges  of  the  region  are  hea^ily  timbeml  and  the  roads 
bad. 

So  far  as  laid  out,  the  scheme  for  triangulation  consists  of  one  qua<lrilateral  and  an  additional 
triangle,  with  sides  from  tw^enty  to  thiiiy-nine  miles  in  length.  The  elevations  of  the  principal  sta¬ 
tions  above  tide  vary  from  1,550  to  3,405  feet. 

Within  the  limits  of  the  scheme  tw  o  sites  were  examined  for  a  base-line,  one  in  the  vaUey  of 
YeUow^  Creek,  neai*  Cumberland  Gap,  and  the  other  on  the  fiats  near  Barbourville,  in  Knox  County. 
Because  of  the  difficulty  of  leading  by  tiiangulation  out  of  the  naiTOw  valley  of  Cumberland  Eiver, 
the  site  on  Yellow  Creek  is  reported  as  being  somewhat  less  objectionable,  but  the  difficidties  to  be 
encountered  in  the  measurement  are  such  as  have  not  been  undertaken  elsewhere.  Preliminary 
measurement  gave  for  the  length  of  the  line  2.94  miles,  and  w  ith  the  usual  angular  measurements, 
determined  the  approximate  length  of  triangle  sides.  Tliese,  when  located  by  Ifrofessor  Page 
according  to  the  topography  as  laid  down  on  the  latest  existing  map  of  the  State,  strongly  reveal  its 
discrepancies  and  prove  the  necessity  of  the  w  ork  now"  in  hand. 

Li  all  directions  from  the  vicinity  in  w  hich  the  reconnaissance  was  stalled,  the  country  is 
reported  as  favorable  for  extending  the  scheme  of  triangidation.  The  mountains  of  North  Carolina 
ai*e  plainly  lisible  from  some  of  the  stations  selected  by  Professor  Page,  and  points  on  them  will 
admit  of  easy  geodetic  connection  in  the  future. 

Field-oi>erations  were  resumed  in  Southeastern  Kentucky  early  in  June,  1876,  and  the  work  is 
now  in  progress.  The  advance  made  this  season  will  be  stated  in  my  next  annual  report. 

SECTION  VIII. 

GULF  COAST  AND  BAYS  OF  ALABAMA,  AND  THE  SOUNDS  OF  MISSISSIPPI  AND  OF  LOUISIANA  TO 
VERMILION  BAY,  INCLUDING  THE  PORTS  AND  RIVERS.— (Sketch  No.  16.) 

Hydrography^  Gulf  of  Mexico, — Lieut.  Commander  C.  D.  Sigsbee,  U.  S.  N.,  assistant  in  the  Coast 
Survey,  with  his  part>^  on  board  the  steamer  Blake,  after  the  completion  of  service  which  has  been 
noticed  under  a  head  of  Section  I  in  this  report,  sailed  from  New  York  and  arrived  at  Tampa,  Fla., 
at  the  end  of  November,  1875.  With  ample  preparation  and  outfit  for  deep-sea  soundings,  the  ves- 
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sel  was  started,  at  Tampa  entrance  and  ran  westward  on  a  line  extending  a  hundred  and  seventy 
miles,  the  record  of  soundings  terminating  in  the  deep-basin  of  the  Gulf  of  Mexico.  Off  Charlotte 
Harbor,  and  l>etween  that  entrance  and  the  Tortugas,  similar  lines  were  run ;  and  five  hues  for  the 
same  purpose  were  extended  westward  at  intervals  north  of  Tampa.  On  these,  which  make  in  the 
aggregate  nearly  twelve  hundred  miles,  observations  were  recorded  for  teini)erature  at  and  below  the 
siufaee  of  the  water.  Before  leaving  the  eastern  part  of  the  Gulf  four  lines  of  soundings,  averaging 
about  fifty  mile^  in  length,  were  run  indirections  normal  to  the  coast  between  Dog  Island  and  Cape 
San  Bias.  At  the  end  of  January,  Lieutenant-(3oimnander  Sigsbee  sounded  on  a  line,  going  about 
seventy -five  miles  south  waixl  from  Southwest  Pass,  Mississippi  delta,  and  recorded  soundings  on  the 
return  to  the  same  station.  West  of  the  delta,  a  line  was  extended  from  Timbalier  Island  southward 
into  deep  water.  On  the  9th  of  May,  the  steamer  was  started  in  twenty -fi^  e  fathoms  about  six 
miles  oft‘  the  South  Pass,  and  soundings  were  continued  due  south  to  the  Yucatan  Bank.  Subse¬ 
quently,  soundings  were  begun  near  the  southeast  point  of  Alacran  Shoal  and  were  extended  a^s 
nearly  as  i>ossible  in  a  direct  line  on  the  course  to  the  Toitugas.  This  line  was  completed  on  the 
20th  of  May.  Metms  not  being  available  for  retaining  the  8er\ices  of  the  steamer  in  this  section, 
Lieutenant-Commander  Sigsbee  returned  with  his  party  to  New  York. 

With  the  deep-sea  somidings  previously  made  in  the  Gulf  of  Mexico,  the  data  gathered  this 
season  may  afford  means  for  developing  the  main  pecidiarities  of  this  large  body  of  water.  Changes 
of  temperature  in  relation  to  the  depth  of  water,  and  the  character  of  the  bottom  at  varying 
deptlis,  will  at  an  early  day  become  subjects  of  investigation. 

In  the  Gulf,  soundings  were  made  by  Lieutenant-Commander  Sigsbee  with  the  line  and  lea<l  in 
depths  of  less  than  200  fathoms.  Small  specimens  of  bottom  were  secured  v^ith  the  Stellwagen 
cup,  but  for  larger  specimens  taken  from  greater  depths  the  cylinder  devised  by  Captain  Belknap, 
U.  S.  N.,  was  used.  For  deep  soundings  the  wire  sounding-machine  constructed  by  Lieutenant- 
Commander  Sigsbee  on  the  principle  suggested  by  Sir  William  Thomson  was  employed  in  the  Gulf 
with  invariable  success.  Its  importance  in  deep-sea  work  is  mentioned  in  the  report  as  amply  illus¬ 
trated  by  the  effective  control  of  the  motion  of  the  reel  in  paying  out  the  sounding- wire.  In  depths 
not  greater  than  1,000  fathoms  a  weight  of  twenty -five  to  thirty  poimds  is  attached  to  the  wire;  but 
heavier  weights,  detachable  on  the  bottom,  are  used  for  sounding  in  greater  depths. 

A  water-cup  devised  by  Lieutenant-Commander  Sigsbee  was  used  for  taking  specimens  of 
water  at  various  depths.  This  is  so  constructed  that  stoppages,  for  any  piuijose  while  sounding, 
do  not  affect  the  valves  of  the  cup.  At  the  surface,  at  the  bottom,  and  at  intermediate  depths,  tem¬ 
peratures  were  recorded  with  the  Miller-Casella  thermometer.  The  greatest  difference  in  tempera¬ 
ture  at  equal  depths  was  found  in  sounding  betw^een  Yucatan  and  the  Tortugas.  When  practicable, 
the  currents  were  observed  while  soundings  were  in  progress. 

Lieutenant-Commander  Sigsbee  was  assisted  in  this  work  by  Lieuts.  J.  E.  Pillsbury  and  W.  O. 
Sharrer,  U.  S.  N.;  by  Masters  R.  G.  Peck  and  M.  F.  Wright,  U.  8.  N.;  and  by  Ensign  W.  E. 
SeweU,  U.  S.  N. 

The  general  statistics  of  the  work  are : 


Miles  run  in  sounding .  2,889 

Positions  detennined .  180 

Number  of  soundings .  842 


Survey  of  the  Mississippi  delta, — In  conformity  with  an  act  of  Congress  approved  March  3, 1875 
a  special  survey  of  the  South  Pass  and  its  approaches  w  as  made  in  May,  June,  and  July,  follovdng, 
and  carefiilly-traced  copies  of  the  topographical  and  hydrogrphical  sheets  and  the  manuscript  data 
pertaining  thereto  were  furnished  to  the  Engineer  Department  for  special  puri)oses  which  are  speci¬ 
fied  in  the  act.  The  general  results  of  the  work  were  stated  m  my  last  annual  report.  Among 
details  then  referred  to  was  the  measurement  of  the  flow  of  w^ater  through  Cubitt’s  Gap,  an  opening 
in  the  left  bank  of  the  Mississippi,  a  few  miles  above  the  head  of  South  Pass.  Through  that  gap  a 
discharge  takes  place  which  formerly  passed  through  the  main  stream  ot  the  riv^er  and  the  outlets 
below.  Hence  the  gauging  of  that  gap,  in  connection  with  similar  work  in  South  Pass,  became 
interesting  for  several  reasons.  The  result  found  in  the  summer  of  1875  not  proving  enthely  satis- 
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factorj",  Assistant  H.  L.  Marindin  was  instructs  to  make  another  gauging  with  his  party  in  the 
schooner  Research.  A  general  plan  for  the  work  was  included  in  my  directions  to  Assistant  Henry 
Mitchell  for  continuing  the  physical  survey  of  the  delta,  which  has  been  decided  upon  because  of 
the  many  questions  arising  out  of  the  difficulties  of  navigation  that  have  been  referred  to  this 
office. 

Subassistant  Braid  made  a  triangulation  of  the  vicinity  of  Cubitfs  Gap  and  its  branches  and 
burnished  points  for  the  hydrographic  survey.  The  schooner  Research,  after  a  tedious  passage  from 
Norfolk,  arrived  on  tlie  29th  of  December  at  Pass  A  Loutre,  and  as  soon  afterward  as  possible  com¬ 
menced  the  detailed  survey  of  the  Gap. 

Tlie  determination  made,  as  the  result  of  work  done  in  January'  and  February  last,  was  prose¬ 
cuted  some  distance  seaward  of  the  crevasse  itself  so  as  to  avoid  irregularities  of  section  and  all 
corrections  for  diagonal  flow.  After  escaping  from  the  crevasse  the  stream  divides  into  five  shoaled 
passes  between  small  islands,  and  in  these  passes  sections  and  transverse  curves  of  velocity  were 
observed  almost  simultaneously.  The  gi'eatest  inter\"al  between  observations  in  different  passes  was 
less  than  one  liour.  Summing  up  the  discharges  through  these  five  passes,  just  as  they  occurred, 
without  eoiTection  for  tidal  slopes,  gives  for  the  total  discharge  between  4  p.  m.  and  6  p.  m.  of  Feb¬ 
ruary  7  of  the  present  year,  448,800,000  cubic  feet  per  hour,  or  about  5  per  cent,  less  than  the 
smallest  amount  computed  from  the  data  of  the  i)rerfous  year. 

Of  course,  no  very  close  agreement  between  the  gaugings  of  the  different  seasons  can  be  expected 
however  perfect  may  be  the  method  employed,  unless  corrections  are  introduced  reducing  the  data 
to  the  same  slope  and  elevation  of  water-surface.  For  such  corrections  the  coefficients  had  not  been 
determined,  and  8iibse<iuent  work  in  the  Southwest  Pass  was  performed  with  a  view  to  determining 
these;  with  what  success  has  yet  to  be  learned,  the  computation  l>eing  still  in  progress.  Southwest 
Pass  was  chosen  as  the  scene  of  this  work,  because  considerable  variations  of  slope,  due  to  the  tides, 
could  there  be  found. 

In  this  pass,  above  the  reach  of  the  flood  tidal  curients,  the  discharge  vanes  as  the  tide  rises 
or  falls.  These  variations  complete  themselves  in  one  day,  so  that  they  are  conveniently  observed, 
and  they  disappear  once  in  a  fortnight,  when  the  Gulf  is  tideless,  so  that  we  may  by  careful  selec¬ 
tion  of  dates  compare  velocities  for  different  slopes  in  a  reach  of  the  river  where  section  and  perimeter 
remain  the  same  (that  is,  are  corresponding  for  the  moments  of  observation).  Could  oiu*  observa¬ 
tions  be  sufficiently  extended,  we  should  probably  be  able,  in  the  same  reaches  of  the  river,  to  so 
group  results  that  turn  by  turn  we  should  determine  variables  in  pairs,  with  aU  else  constant. 

The  work  in  the  Southwest  Pass  has  been  referred  to  only  from  one  point  of  view;  there  are, 
however,  many  contingent  features  exclusive  of  dynamic  elements  in  the  proper  gauging  of  this  and 
other  passes  that  are  not  to  be  omitted.  A  resurvey,  both  topographical  and  hydiographical,  of  the 
delta,  is  in  progress,  and  as  far  as  means  will  allow  the  work  will  be  prosecuted  with  a  view  of  deter¬ 
mining  for  the  same  period  at  least  the  depth  on  the  bar  of  each  of  the  passes,  and  representing 
them  contemporaneously  on  a  chart  for  narfgation. 

The  following  statistics  show  the  work  performed  by  the  party  at  the  delta  during  the  season 

Triangulation. 


Signals  erected .  21 

Angles  observed .  126 

Observations .  1, 460 

Topography. 

Miles  of  shore-line  run .  26 

Physical  hydrography. 

Soundings .  9,387 

Angles  of  position . • .  2, 780 

Miles  sounding-lines .  101 
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Tide- granges  x>ut  up .  10 

Cross-sec tioiis  for  volume .  11 

Stations  occiix>ie<l  on  sections .  70 

Current  observations .  737 

Angles  of  i>osition . .  104 

Miles  of  level-lines  run .  OJ 

Level- readings .  003 


Mr.  J.  B.  Weir  aided  in  the  operations  at  Culhtt’s  Gap,  and  subsequently  conducted  the  details 
of  a  special  snrv'ey  in  Section  III  under  the  general  direction  of  Assistant  Mitchell. 

TrianguJation  ani  topography  at  CnbitfH  Gap  and  Southwest  Pa^s,  MmisHippi  delta, — For  servitie 
in  the  schooner  Bibb,  which  was  recalled  from  Galveston  and  repaired  at  New  Orleans,  Subassistaut 
Andrew  Braid  organized  a  party  early  in  De<ieinber,  1875,  and  proceeded  at  once  to  Cubitt’s  Gap. 
Signals  were  erected  and  the  triangulation  was  extended  from  the  Head  of  the  Passes  to  the  Gap  to 
tiimish  i>oints  for  the  detailed  topography  and  for  soundings,  which  were  to  be  prosecaited  by  Assist¬ 
ant  Marindin.  The  plane-table  limits  were  not  large,  but  incessant  fogs  that  prevailed  retarded  the 
completion  of  the  desired  work.  After  tiirnishing  data  suflicient  for  the  hydrography.  Subassistant 
Braid  inovetl  his  party  to  Southwest  Pass,  under  directions  to  co-operate  with  Assistant  Marindin, 
who  was  to  select  sections  of  the  Pass  at  which  both  parties  w'ere  to  observe  the  effect  of  tides  and 
currents.  Each  i)ai*ty  employed  two  tide-gauges,  and  observations  on  all  four  were  recorded  siinul- 
taiieously  with  the  current-observations  during  twenty-six  consecutive  hours.  Additional  to  the 
work  done  for  the  hydrographic  survey,  Mr.  Braid  determined  several  points  by  triangulation  along 
the  shores  of  Sonthw^est  Pass.  The  statistics  of  field-work  are: 


Signals  erected .  31 

Stations  occupied .  10 

Angular  meavsurements .  4, 110 

Shore-line  surveyed,  miles .  32 

Area,  in  square  miles .  10 


Messrs.  C.  L.  Gardner  and  C.  H.  Sinclair  aided  in  the  wwk  done  by  the  party  in  the  schooner 
Bibb.  Means  not  being  available  for  continuing  the  survey  as  iuteiideil  in  Southwest  Pass,  the 
party  was  discharged  at  the  end  of  February.  The  vessel  was  laid  up  at  HiuTicane  Harbor,  in 
South  Pass. 

Triangulation  of  Barataria  Bay,  La, — To  pro\ide  for  this  and  similar  work  in  the  same  section 
of  the  Gulf  Coast,  the  steamer  Barataria  was  couvstiiicted  at  LouisAulle,  Ky.,  in  the  autumn  of  1875 
and  was  delivered  to  Assistant  W.  H.  Dennis  on  the  16th  of  December.  Early  in  January  of  the 
present  year,  the  vessel  was  fitted  out  at  New"  Orleans,  and  by  the  close  of  that  month  was  at  the 
intended  working-ground  in  Barataria  Bay.  Mr.  Dennis  first  selected  a  site  for  a  base-line  on  Grand 
Isle^  and  in  connection  with  it  stations  for  triangulation  across  the  bay.  Six  tripod-signals  were 
erected  and  reconnaissance  was  continued  for  extending  the  triangulation  from  the  vicinity  of  the 
base.  A  preliminary  measurement  of  the  line  gave  for  its  length  3.65  miles.  The  eastern  end  of 
Grand  Isle,  which  includes  the  site  of  the  base-line,  was  mapped  to  a  distance  of  about  six  miles. 

Subassistaut  B.  A.  Colonna  was  attached  to  this  party,  and  Messrs.  S.  N.  Ogden  and  E.  B. 
Pleasants  seived  as  aids.  The  party  was  in  effective  operation  in  the  middle  of  February,  when 
pressing  re<j[uirements  of  the  service  in  other  quarters  made  it  necessary  by  reason  of  the  lessened 
means  to  rec^ill  the  Barataria.  The  party  was  in  consequence  disbanded  on  the  25th  of  February, 
and  the  vessel  was  laid  up  for  the  season  at  Algiers.  Assistant  Dennis  hml  been  previously  em¬ 
ployed  in  Section  I. 

Tidad  observatiom, — ^At  New  Orleans,  tidal  observations,  with  a  staff-gauge,  have  been  continued 
by  Mr.  G.  Faust,  who  notes  the  height  of  the  water  at  intervals  of  six  hours,  commencing  at  mid¬ 
night,  the  usual  daily  fluctuations  being  small,  and  for  that  reason  disiegarded.  The  level  of  the 
river  in  front  of  the  city  is  changed  eleven  or  twelve  feet  by  the  annual  floods.  Some  approach  to 
regularity  of  change  with  the  seasons  is  indicated  by  the  tidal  series,  wliich  has  been  maintained 
since  January ^  1872.  Further  extension  of  the  series  may  be  expected  to  give  means  for  predicting 
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apx>roximately  wliat  the  stage  of  water  may  be  in  the  Mississippi  at  any  given  time  in  the  same 
season. 

Survey  of  the  Mksmlppi  River, — In  continuation  of  the  survey  of  the  river  above  New  Orleans, 
Assistant  C.  H.  Boyd  was  at  his  working-ground  on  the  9th  of  December,  1875,  with  the  new 
steamer  Baton  Eouge,  one  of  two  vessels  which  had  been  specially  planne<l  for  8er\ice  in  the  sec¬ 
tion.  Mr.  Boyd  took  charge  of  the  vessel  at  Louis\ille,  Ky.,  early  in  November,  and  completed  the 
equipment  and  party  outfit  at  New  Orleans.  The  survey  of  the  Mississippi  was  resumed  on  the 
17th  of  December,  and  field-work  was  steadily  prosecuted  until  the  middle  of  April  following,  when 
the  hands  were  (bscharged  and  the  vessel  was  laid  up  at  Algiers. 

The  triangulation  of  the  Mississippi  was  extended  by  Mr.  Boyd  upward  from  Oakland,  one  of 
the  stations  at  which  the  work  terminated  on  the  p^e^'ious  season,  and  by  a  system  of  qumlrilate- 
rals,  was  advanced  alKuit  forty-five  miles  to  Reserve  Plantation,  in  Saint  John’s  Parish.  The  usual 
difficulties  met  in  a  fiat  country'  were  overcome  by  mounting  the  theodolite  al)out  twenty  feet  at 
each  station.  In  the  lines  of  sight  projected  by  the  reconnaissance,  the  numerous  buildings  and 
adjacent  groves  of  finiit  and  shade  trees  that  intervened  abided  much  in  the  labor  needful  for  avoid¬ 
ing  damage  to  valuable  private  estates,  which  are  commonly  separated  from  each  other  by  timber 
borders.  Some  cutting  in  these  was  indispensable  for  lines  of  sight,  but  the  interest  for  the  surv  ey 
manifested  by  the  owners  and  their  friendly  relations  have  l)een  such  as  to  prompt  them  to  decline 
any  remuneration  for  the  damage  caused  on  their  plantations. 

The  toimgraphy  was  resumed  near  Kenner,  where  the  work  was  close<l  last  year,  and  by  two 
additional  sheets  the  survey  was  advanced  westward  to  a  point  above  the  Bonnet  Carre  Crevasse. 
On  botli  banks  the  ground  is  represented  in  detail,  except  the  part  which  is  now  covered  by  crevasse 
water.  Master  Alex.  McCracken,  U.  S.  N.,  was  attached  to  the  party  in  the  steamer  Baton  Rouge, 
and  effectiv^ely  conducted  the  hydrogi*ai)hy  of  the  Mississippi  from  the  limit  i)re\iou8ly  remffied  to  a 
I>oint  about  twenty-three  miles  almve  New  Orleans.  Fiuther  progress  in  soundings  was  prevented 
by  the  acceleration  of  currents  due  to  the  unusually  early  rise  of  the  river.  Even  when  not  sound¬ 
ing,  the  ablest  boat’s  crew  were  unable  to  stem  the  current  of  the  river.  In  the  middle  of  March 
soiiiubngs  were  made  through  the  Bonnet  Carre  Crevasse,  and  also  for  a  mile  or  more  in  the  river 
near  that  opening.  The  greatest  depth  found  in  the  river  within  the  working-limits  of  tliis  year 
was  forty  fathoms,  but  some  of  the  lines  across  the  river  show  no  soundings  above  twelve  fathoms. 

In  prosecuting  the  triangidation  eighteen  of  the  lines  required  cutting,  in  order  to  make  the 
ends  intervisible  for  obserrtng  with  the  theodolite.  Fifty-one  geographical  positions  were  determined 
by  the  angular  measiu'ements.  The  general  statistics  of  the  work  are : 


Signals  and  scaffolds  erected .  16 

Stations  occupieil .  20 

Angles  measured .  271 

Number  of  observations .  4,404 

Shore  line  surveyed,  miles  . .  55 

Roads,  miles .  506 

Canals  and  levees,  miles .  69 

Area  of  topography,  square  miles . 86 

Miles  run  in  sounding . 108 

Angles  with  sextant .  925 

Number  of  soundings .  2,  900 


The  currents  were  observed  at  ten  stations  while  soundings  were  in  progress,  and  careful  obser¬ 
vations  of  the  tides  were  recorded  during  the  entire  season. 

Messrs.  C.  H.  Van  Orden  and  Bion  Bradbury  served  as  aids.  At  the  close  of  work  the  vessel 
was  left  in  charge  of  Master  McCracken  whose  co-oi>eration  and  interest  in  the  ser\ice  are  si)ecially 
mentioned  in  the  concluding  report  from  the  field.  The  same  pai-ty  is  almut  to  be  reorganized  for 
continuing  the  survey  of  the  Mississippi  above  the  limit  leached  in  April  last.  The  Chamber  ol 
Commerce  of  New  Orleans,  desiring  to  know  how  the  Bonnet  Carre  Crevasse  had  affected  Lake 
Pontchartrain,  Mr.  Boyd  waited  a  week  at  New  Orleans  after  the  discharge  of  his  own  party  for 
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want  of  means  for  keeping  the  field,  and  in  hope  that  means  of  transportation  might  be  provided  by 
the  city.  Timely  efforts  to  that  end  not  being  successful,  Assistant  Boyd  reluctantly  notified  the 
chamber  of  his  inability  to  meet  their  wish  without  a  small  vessel  and  working-crew,  and  at  the 
end  of  Apiil  passe<l  on  to  report  at  Washington  City. 

Triang^ulation  in  Wiscamin. — This  work  has  been  systematically  laid  out,  and,  as  far  as  means 
would  allow,  has  been  successfiilly  prosecuted  by  Prof.  John  E.  Da\ies.  The  base-line  marked  out 
in  Spring  Green  Valley  between  Prairie  du  Chien  and  Madison,  after  conference  with  Assistant  R. 
D.  Cutts,  has  been  measured  and  found  to  be  approximately  4,624.37  meters  in  length.  The  ends 
were  secured  by  stone  posts  as  usual.  Hereafter,  the  precise  distance  between  marks  on  the  two 
posts  will  be  determined  by  a  final  measui*ement  with  apparatus  devised  for  the  pufi^ose.  From  the 
Nicinity  of  tlie  base  the  triangulation  was  laid  out  to  proceed  eastwardly  so  as  to  connect  iis  soon 
as  possible  with  the  astronomical  station  at  Madison,  the  longitude  of  which  was  carefully  deter- 
mineil  several  years  ago  by  the  telegniphic  methoil.  With  that  point  included,  the  determination 
of  azimuth  adjusts  the  scheme  of  triangles  in  its  tine  geographical  position,  and  so  far  the  work 
has  been  advanced  by  Professor  Davies.  In  reference  to  the  plan  and  details  of  field-work.  Assist¬ 
ant  Cutts  remarks,  after  a  personal  examination  :  ^^^Ul  the  figures  are  quacbilaterals  and  well  condi¬ 
tioned.  Tlie  exactness  of  the  observations  for  horizontal  and  vertical  angles  and  for  azimuth  can 
be  determined  only  by  the  usual  examination  and  report  by  the  Computing  Division  of  the  office.’’ 
Professor  Davies  reports  that  his  observations  for  azimuth  at  the  east  end  of  the  base  were  much 
broken  by  the  difficulty  of  seeing  the  meridian-mark,  on  account  of  heavy  fog  in  the  valley.  On 
renewing  the  effort  at  Quarry  Bluff,  two  hundred  and  forty-four  separate  observations  were  satis¬ 
factorily  reconled.  Five  nights  were  thus  occui)ied  with  an  av^erage  of  thirty  sets  of  eight  pointings 
each  on  Polaris  and  the  meridian-mark.  Of  the  work  recorded  with  the  theodolite  at  East  Base, 
Professor  Davies  says :  “  This  station  being  a  low  point  in  a  bend  in  the  Wisconsin  River,  offered 
much  more  difficulty  in  measuring  horizontal  angles  than  had  been  anticipateil  from  want  of  clearness 
in  the  atmosphere  and  conseipient  discordance  in  the  results.  During  most  of  the  time  passed  there 
a  cloud  of  fine  sand  kept  a  constant  deposit  on  the  theodolite,  in  spite  of  the  protection  afforded  by 
the  little  wooden  building  in  which  the  instrument  stood.”  The  report  notes  also  that  the  measure¬ 
ment  of  vertical  angles  wiis  made  uncei-tain  by  unsuitable  atmospheric  conditions. 

Professor  Davies  kept  his  partj’  at  work  in  the  field  until  the  20th  of  October,  and  thus  reports 
the  aggregate  statistics  of  progress : 


Signals  erected . . .  18 

Stations  occupied .  8 

Angles  measured .  93 

Number  of  observations .  6, 384 


This  triangulation  includes  sixteen  townships,  within  an  area  of  five  hundred  and  seventy-six 
square  miles. 

lhx)fessor  Davies  resumed  work  in  the  field  in  June  of  the  present  year,  and  with  his  party  is 
actively  engaged  when  this  report  closes.  Tlie  details  now  in  progress  will  be  mentioned  in  my  next 
annual  report. 

SECTION  IX. 

GIXF  COAST  OF  WESTERN  LOUISIANA  AND  OF  TEXAS,  INCLUDING  BAYS  AND  RIVERS.— (Sketch  No.  17.) 

Hydrography  of  Copano  and  Saint  Charles  BaySj  Tex. — Lieut.  Richard  Wainwright,  U.  S.  N., 
assistant  in  the  Coast  Survey,  remained  during  the  summer  of  1875  in  this  section  with  his  pai’ty  in 
the  schooner  Bibb.  Soundings  were  completed  in  Aransas  Pass  and  Corpus  Christi  Pass,  and  in  the 
s^eamboa^chalmel  from  Aransas  Pass  to  Corpus  Christi  Bay.  The  liability  of  the  passes  to  change 
under  the  action  of  a  gale  at  any  time  is  a  subject  of  remark  in  the  report  of  Lieutenant  Wain¬ 
wright.  In  reference  to  Corpus  Christi  Pass  he  states  that  the  few  points  found  could  be  recognized 
with  diflSculty,  being  merely  the  sites  of  houses  that  had  been  moved  because  of  the  encroachment 
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of  the  water  of  the  Gulf.  That  pass  uow  oi)en8  at  a  new  point  and  the  old  channel  is  closed  by  a 
bulkhead. 

The  shore  lines  of  Aransas  Pass  were  trace<l  and  great  alteration  showed  at  the  entrance  ;  the 
point  is  making  from  Saint  Joseph’s  Island,  and  that  from  Mustang  is  wealing  away. 

By  continuing  work  at  all  favorable  intervals  the  hydrograidiy  of  Gopano  Bay  and  Saint 
Charles  Bay  was  completed  early  in  September.  Currents  were  observed  at  and  under  the  surface 
at  times  most  favorable  in  reference  to  the  effect  of  winds,  but  the  results  were  irregular  and  such 
as  to  yield  no  conclusion  from  the  short  series  observed.  The  statistics  of  work  are  as  follows: 


Miles  run  in  sounding .  766 

Angles  measured .  5,  848 

Number  of  soundings .  78,  401 


On  the  morning  of  the  13th  of  September,  Lieutenant  Wainwright  crossed  the  bar  of  Aransas 
Pass  with  the  schooner  Bibb,  and  steered  for  Galveston,  with  a  light  wind,  which  soon  fell  and  was 
followed  by  a  tremendous  gale  of  foui*  days’  duration  that  sul)merge<l  parts  of  the  coast  of  Texas. 
By  the  able  seamanship  of  her  commander,  the  little  vessel  kei)t  the  sea  and  was  safely  anchored  in 
Galveston  Harbor  on  the  23d  of  September.  Of  the  incidents  of  the  16th  the  rejmrt  notes :  This 
evening  the  barometer  reached  its  lowest  point,  the  wind  coming  in  tieinendous  puffs,  the  8<'a  very 
irregular  and  boarding  us  from  all  imiiits.  •  •  •  According  to  the  commonly-received  theory 

of  cyclones  we  were  in  the  forward  semicii  (*le  and  to  the  left  of  the  path,  but  the  center  should  have 
left  us  to  the  southward  on  Wednesday  night,  though  the  winds  continued  to  shift  more  to  west- 
wanl.  The  lowest  l>arometer,  strongest  wind,  and  heavy  confused  sea  were  experienced  during 
Thursday  night,  September  16.  At  Galveston  the  wind  shifted  very  suddenly,  and  that  point  was 
probably  near  the  center  of  the  cyclone.  It  is  well  known  that  the  rising  winters  caused  nearly  all 
the  destruction.  Both  the  outer  and  inner  bars  at  Galveston  w  ere  changed  by  the  gale,  the  channel 
over  tile  outer  bar  being  farther  to  the  westward  than  it  w  as  before,  w  ith  fourteen  feet  of  water. 
The  current  swept  the  buoys  from  the  inner  bar,  and  threw  them  on  either  side  of  the  channel  over 
the  outer  bar.  A\lien  the  schooner  Bibb  left  (on  the  23d)  the  current  was  still  running  out  rapidly, 
and  there  was  a  strong  current  passing  dow  n  the  coast.” 

Lieutenant  Wainwright  was  aided  in  this  section  by  Messrs.  E.  H.  Wyrtll  and  E.  B.  Pleasants. 

The  party  of  Lieutenant  Wainwright,  with  the  steamer  Arago,  w'as  subsequently  employed  in 
Section  IV. 

Recannawmnee  of  Laguna  Madre^  coast  of  Texas. — With  a  \iew  of  extending  the  survey  south 
of  Corpus  Christi  Bay,  Assistant  K.  E.  Halter  was  assigned  to  service  in  this  section,  and  reached 
Corpus  Christi  on  tlie  2d  of  December,  1875.  Tlie  region  below^  wtis  known  to  be  without  inhabit¬ 
ants  except  such  as  rove  for  plunder  or  resort  to  it  to  escape  from  the  law  s.  Less  than  twenty  miles 
below  the  north  end  of  Padre  Island  Mr.  Halter  passed  the  last  dwelling-house  beyond  w-hich  the 
stretch  of  coast  is  uninhabited  until  within  a  few  miles  of  Brazos.  Having  sounded  through  the 
Laguna  to  the  vicinity  of  the  house  just  referred  to.  Assistant  Halter  there  diverged  to  the  w^estward 
and  examined  the  shores  of  Baffin’s  Bay,  which  is  the  only  considerable  branch  of  the  Laguna 
Madre.  In  reference  to  the  entire  region  he  remarks  as  follow  s : 

“  Padre  Island  is  a  long,  narrow  strii)  varying  in  w  idth  from  one  to  two  miles,  and  is  partly  cov¬ 
ered  with  sand-hills  or  dunes  ten  to  fifteen  feet  high.  The  general  character  is  like  that  of  the  imme¬ 
diate  coast  that  borders  the  Southern  States  on  the  Atlantic.  Westward,  the  Laguna  Madre  is 
bounded  by  uninhabited  prairie,  the  general  level  of  which  is  about  five  feet  above  the  water.  At 
places  the  prairie  is  undulating,  but  more  commonly  is  fiat  and  devoid  of  any  vegetation  except 
grass  and  occasional  patches  of  low,  scraggy  bushes.  These,  at  a  place  about  eight  miles  from 
Flour  Bluff,  grow^  to  a  height  of  ten  feet,  and  nothing  else  in  the  shape  of  trees  w  as  to  be  found  in 
the  region. 

“Working  southward  from  Corpus  Christi  with  two  men  in  a  small  scow,  the  Lagima  was 
sounded  to  a  point  about  tw  o  miles  below  Flour  Bluff.  Thence  on  in  the  same  direction  the  channel 
for  five  miles  has  a  depth  of  only  eighteen  inches,  but  it  then  deepens  and  widens  and  has  plenty  of 
beating-room  in  four  and  five  feet  as  far  south  as  the  en franco  to  Baffin’s  Bay.  Below"  that  entrance 
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the  chaunel,  averaging  about  three  feet  in  dei)th,  narrows  again,  and  many  sunken  ro(iks  were  found 
on  the  west  side. 

‘‘  Baffin’s  Bay  has  beating-room  for  six  or  seven  feet  of  water,  but  sunken  rocks  were  noticed  on 
both  sides  of  the  chauuel.  Rocks  are  i>lenty  also  in  the  Agua  Dolce,  which  has  a  depth  of  three 
feet;  and  in  the  Bovido  and  Infierno,  the  two  western  arms  of  the  bay,  in  which  the  avenige  depth 
is  somevrhat  less. 

In  the  Liaguna  Madre  rocky  bottom  is  found  for  about  five  miles  south  of  Baffin’s  Bay,  but 
there  the  rocks  disappear,  and  none  were  seen  in  the  Laguna  north  of  the  ba;\ . 

Ten  miles  south  of  Baffin’s  Bay  the  depth  found  in  the  Laguna  was  only  nine  inches.  The 
men  refused  to  i>ass  the  scow  beyond  that  shoal  bamer.  Proceeding  in  the  skiff'  ten  miles  farther 
down  the  depth  found  was  two  and  a  half  feet.  This  was  at  a  point  fifty  miles  south  of  the  entrance 
to  Corpus  Christi  Bay.  The  scow-owners  being  unwilling  to  go  farther  lest  their  craft  might  be 
destroyed  by’  a  norther  at  the  barrier,  angles  were  measured  from  a  high  sand-hill  on  Padre  Island 
which  afforded  a  view^  ten  miles  farther  down  the  Laguna.  The  water  was  continuous,  and  very 
probably’  the  moderate  depth  holds  for  that  distance.” 

In  the  course  of  a  second  examination  made  in  a  flat-boat,  Mr.  Halter  noted  the  same  general 
featiues  throughout  until  the  shoal  was  reached,  of  w  hich  mention  has  been  made  already .  There 
the  depth  of  nine  inches  had  disappeared  and  the  Laguna  was  dry.  This  results  usually  from  a 
south  wind,  which  doubtless  leaves  the  Laguna  occasionally  bare  at  two  places  l)etween  Baffin’s 
Bay  and  Brazos. 

At  McGloiu’s  Bluff  and  Flour  Bluff*,  on  opimsite  shores  of  Corpus  Christi  Bay,  Assistant  Halter 
found  the  station-marks  which  had  been  placed  in  the  groimd  by  the  triangulation-i>arty.  Signals 
were  erected  at  the^  and  at  two  new  pomts  for  starting  a  chain  of  triangles  to  include  the  Laguna 
Madre.  Mr.  Halter  kept  the  field  until  the  1st  of  June,  when  the  means  available  for  operations 
having  been  exi>ended,  the  party  w- as  discharged  for  the  season.  He  had  been  previously  employed 
in  Section  II. 

Mr.  C.  A.  Ives  and  Mr.  H.  Caperton  served  as  aids  in  the  party  of  Assistant  Halter. 

Tidal  observatiom. — The  series  of  observations  with  a  sell-registering  tide-gauge  furnished  for 
the  purimse,  and  forw  arded  to  Saint  Thomas,  West  Lidies,  was  uninterruptedly  and  very  successfully 
maintained  diuriiig  three  entfre  y  ears,  closing  in  November,  1875,  first  by  Col.  W.  Thulstrup,  and 
after  his  I'etuni  to  Eiuope  by  Mr.  J.  Kruse. 

The  tides  at  Saint  Tlionias,  as  represented  by  the  registers,  seem  to  have  l>een  v  ery  little  affected 
by  winds.  The  range  in  rise  and  fall  is  only"  a  few  inches,  but  the  series  will  doubtless  afford  impor¬ 
tant  data  for  investigating  the  relations  between  tides  on  the  coast  of  our  Southern  States  and  those 
of  the  West  Indies,  which  at  Saint  Thomas  are  probably  unmodified  ocean-tides.  For  such  compari¬ 
son  provision  will  be  made  as  already  intimated  in  this  report  by  the  establishment  of  a  tidal  sta¬ 
tion  at  Femandina,  Fla. 


SECTION  X. 

COAST  OF  CALIFORNIA,  INCLUDING  THE  BAYS,  HARBORS,  AND  RIVERS.— (Sketches  Nos.  18,  19,  20.) 

Reconnaiftsance  from  San  Pedro  eastward  toward  San  I>iego^  Cal. — For  extending  the  primary 
triangidation  of  the  coast  of  California  southward  to  San  Diego,  a  reconnaissance  was  directed  for 
the  selection  of  stations  eastward  of  San  Pedro,  at  which  point  the  triangulation  of  the  main  coast 
of  the  Santa  Barbara  Channel  was  closed  sevend  years  ago. 

Assistant  W.  E.  Greenwell,  having  made  due  preparation  at  Los  Angeles,  left  that  place  on  the 
10th  of  October,  1H75,  for  the  Sierni  Mailre  Mountain.  By  a  trail  the  party  reached  a  point  not  far 
fiom  the  summit,  and  at  an  elevation  of  more  than  four  thousand  feet  above  the  sea-level.  Assist¬ 
ant  (rreenw’ell  was  accompanied  by  Mr.  W.  H.  Steiirns,  who  aide<l  in  the  work  by  visiting  in  succes¬ 
sion  the  stations  at  San  Petlro  and  Los  Ceritos,  in  order  to  determine  the  certainty  of  their  connec¬ 
tion  with  a  point-  on  Santa  Anita. 

S.  Ex.  B7 - 7 
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Proceeding  subsequently  ea^stward  through  the  mountains,  two  summits  were  found  to  be 
Aisilde  fi'oni  San  Pe<b*o  and  Anita,  furnisliing  a  large  qumlrilateral,  and  in  the  same  direction  San 
Bernardino  was  visited  and  identified  as  having  been  in  sight  when  the  party  was  at  Saint  lago  and 
Cucumonga.  The  summit  of  the  last-name<l  mountiun,  as  determined  by  the  barometer,  is  8,450 
feet  above  tide- water.  Saint  lago  is  5,300  feet  high,  and  was  marked  by  a  mound  and  signal-imle, 
from  the  foot  of  which  Mr.  Greenwell  had  in  full  view  Point  Loma,  the  Coronados,  Table  Mountain, 
the  peak  of  San  Jos6  in  Lower  Califoniia ;  and  off  our  own  cuast  the  islands  of  San  Clemente, 
Santa  (3atalina,  Santa  Barbara,  and  Santa  Cruz. 

Many  summits  were  reached  with  great  labor  and  hardship,  and  subsequently  found  to  be 
unsuitable  in  the  scheme  of  triangulation. 

Mount  San  Bernardino  was  ascended  by  Assistant  Greenwell  and  Mr.  Steams  in  the  middle 
of  December,  and  several  days  were  pjussed  in  its  vi<!inity.  The  altitude  of  the  summit  is  9,400 
feet.  This  mountain  is  the  initial  position  of  a  base-line  for  the  survey  of  public  lauds  in  California, 
the  line  terminating  westward  near  Hueneme  and  to  the  eastward  at  the  Colorado  River. 

In  the  coiuse  of  the  present  fiscal  year  Assistant  Greenwell  will  complete  the  scheme  of  main 
quadrilaterals  towaid  San  Diego,  and  a^ljust  also,  if  piacdicable,  a  subsidiary  scheme  with  stations 
immediately  within  reach  of  the  coast. 

Survey  of  Monim  Bay^  Cal, — For  this  work  the  party  of  Assistant  A.  W.  Chase  transferred  the 
camp-equipage  from  Newport  and  Anaheim  in  July,  1875,  while  Mr.  Chase  was  engaged  in  completing 
the  office-work  of  the  preceding  season.  Subassisbint  Elbcott,  who  remained  with  the  party  until 
August,  selecteil  the  site  for  the  working-camp  near  Santa  Monica,  and  supervisetl  operations  in 
regard  to  the  transfer.  After  a  thorough  reconnaissance  by  Assistant  Chase,  projections  were  made 
for  mapping  the  ground  between  West  Beach  Station  and  Point  Dume  on  three  sheets,  of  which  two 
were  to  be  on  the  usual  scale  for  topographical  work.  The  intermediate  sheet,  projected  for  the 
immediate  vicinity  of  Santa  Monica,  was  on  a  larger  scale  to  provide  for  any  emergency  that  might 
arise  in  the  local  development  which  was  then  veiy^  activ  e.  Of  the  three  sheets,  the  one  here  referred 
to  was  begun  first.  Contour-lines  were  run  in  the  vicinity  of  the  town  and  mapped  to  show  suc¬ 
cessive  elevations  of  ten  feet.  In  regard  to  the  tides,  the  plane  of  refereiute  adopted  coincides  with 
the  level  of  mean  low  water.  The  contours  over  the  sloping  table-land,  back  of  the  town  and  near 
the  first  of  the  remarkable  canons  that  put  in  from  the  coast  line  west  and  north  of  Santa  Monica, 
were  (tarefully  traced  by  the  use  of  the  level.  What  are  commonly  called  the  old  sea-levels  ”  being 
well  defined  along  that  caiion,  special  care  was  taken  in  determining  heights.  The  western  end  of 
the  sheet  rei)resents  the  topography  as  very  much  broken,  and  the  coast  line  is  marked  by  deep 
canons  that  recur  at  intervals  of  not  more  than  a  quarter  of  a  mile.  This  detailed  survey  was 
carried  back  to  the  first  of  the  heavy  hills  of  the  Sierra  Santa  Monica,  and  shows  within  the  working- 
limits  all  elevations  under  fifteen  hundred  feet.  While  the  field-work  was  in  progress,  many  build¬ 
ings  were  under  construction  in  the  town.  These  were  subsequently  iulded  as  details  of  the  plane- 
table  survey.  Operations  were  much  retaided  during  the  wet  season,  as  the  rain -fall  was  twenty -two 
inches  before  the  middle  of  Febrmuy,  1876.  Having  traced  the  shore  line  adjacent  to  Sanbv  Monica, 
Assistant  Chase  furnished  a  duplicate  to  Lieutenant-Commander  Taylor  when  he  arrived  at  the  place 
with  the  steamer  Hassler;  and  from  time  to  time  the  field -party  furnished  points  to  guide  in  the 
hydrography  east  and  west  of  the  town.  By  the  10th  of  December,  1875,  Mr.  Chase  had  provided 
for  the  uses  of  the  vsounding-party,  and  had  furnished  shore  line  of  the  entire  bight  from  West  Beiich 
to  Point  Dume.  The  signals  were  so  erected  as  to  serve  for  hy(Rographic  purposes  as  well  as  for 
the  needful  triangulatiou  of  that  pait  of  the  coavSt. 

The  middle  sheet,  showing  the  v  icinity  of  Santa  Monica,  was  completed  and  forwarded  to  the 
office  early  in  March.  Detailed  work  wtis  then  taken  up  for  the  sheet  eastward  of  the  town,  and 
was  prosecuted  until  the  1st  of  May.  As  far  as  adv  anced,  the  sheet  represents  the  shore  line,  the 
large  estuary  below  Santa  Monica,  and  the  bluffs  in  that  vicinity.  A  long  range  of  sand  dunes 
will  ultimately  appear  on  the  sheet  between  West  Beach  and  Sand  HiU  and  some  isolated  hills, 
which  will  be  useful  as  pilot-marks.  The  western  sheet  as  yet  represents  only  the  shore-hue,  but 
provision  has  been  made  for  its  completion  at  an  early  period  of  the  present  fiscal  year.  Mr.  T.  P. 
Woodward  joined  the  party  of  Assistant  Chiuse  on  the  13th  of  September,  1875,  and  served  accept- 
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ably  as  aid.  In  the  course  of  the  season  Mr.  Chase  funiished,  on  request,  to  Lieutenant  Wheeler, 
of  the  Corps  of  United  States  Engineers,  data  for  geogiaphieal  jwsitions  in  Los  Angeles  (bounty, 
aud  to  Col.  J.  X.  Crawford,  chief  engineer  of  the  Los  Angeles  and  Independence  Kailroa<l  Com¬ 
pany,  a  tracing  showing  contours  of  ground  in  the  Aicinity  of  Santa  Monica.  The  amount  of  rain¬ 
fall  the  last  winter  at  Santa  Monica  is  the  heaviest  known  in  many  years.  The  statistics  of  field¬ 


work  are: 

Signals  erected .  14 

Stations  occupied .  6 

Angles  measured .  28 

dumber  of  observ^ations .  432 

Shore-line  surveyed,  miles .  19 

Estuary  and  slough,  miles .  9 

Roads,  miles .  39 

Area  of  toimgraphy,  square  miles .  27^ 


These  statistics  do  not  include  about  thirteen  miles  of  shore  line  tra4‘ed  for  the  western  sheet  by 
means  of  the  theodolite  in  reconnaissance  for  the  immediate  uses  of  the  hydrographic  party. 

The  arrivals  of  merchant-vessels  at  Sanbi  Monica  during  the  last  six  months  of  the  year  1875 
includwl  fifty-one  steamers  and  seventeen  sailing-vessels,  making  an  aggregate  of  forty  thousand 
tons. 

Hydrography  near  the  Santa  Barbara  Islands. — At  the  opening  of  the  pre^sent  fiscal  year  Lieut. 
Commander  H.  C.  Taylor,  U.  S.  N.,  assistant  in  the  Coast  Surrey,  with  his  party  in  the  steamer 
Hassler  remained  at  work  in  the  waters  of  the  Santa  Barbara  Channel.  Four  hydrographic  sheets 
then  in  progress  were  completed  by  the  end  of  Octol>er,  showing  soundings  along  the  north  and 
south  sides  of  Santa  Rosa  Island ;  also  the  hydrography  of  San  Miguel  Passage,  and  soundings  for 
developing  the  vicinity  of  outlying  rocks  near  that  island.  A  dangerous  shoal  was  developed 
between  San  Miguel  and  Richardson’s  Rock,  having  one  spot  with  only  twelve  feet  of  w  ater.  On 
the  shoal,  the  depth  ranges  to  tliree  and  five  fathoms,  with  tw  enty  to  thirty  fathoms  around  the 
shoal.  Lieutenant-Commander  Taylor  states  that  oil  is  emitted  in  large  quantities  from  deep  crev¬ 
ices  in  the  rock  bottom  of  this  shoal,  and  that  in  the  midst  of  the  oil  excellent  fish  of  various  kinds 
are  readily  caught. 

After  comi)leting  hydrography  in  the  vicinity  of  San  Miguel  Island,  the  inshore  soundings 
along  the  main  were  extended  from  Point  Concepcion  to  a  i)oint  about  five  miles  east  of  Gaviota. 

As  mentioned  under  another  head,  the  party  in  the  steamer  Hassler,  while  in  this  vicinity? 
co-operated  in  the  main  triangulation  by  transporting  and  erecting  signals  on  Santa  Barbara  Island* 
The  primary  signal,  as  defused  and  constructed  by  Engineer  Rodes,  of  the  steamer  Hassler,  con¬ 
sists  of  cylindrical  sections  of  sheet-iron.  Much  difficulty  w'as  ex])erienced  in  approaching  the 
island  on  account  of  the  swell;  two  of  the  crew  were  washed  off  the  face  of  the  cliff*,  but  w  ere  recoA' 
ered;  and  the  detail  working  under  the  direction  of  Lieutenant  Talcott,  U.  S.  X.,  succeeded  finally 
on  the  3d  of  December,  in  setting  up  the  signal  over  the  primary  i)oint  of  triangidation. 

In  January'  last,  data  were  received  fiom  Lieutenant-Commander  Taylor  for  fixing  the  position 
of  a  wash-iwk  in  Isthmus  CoA  e,  Santa  Catalina  Island.  Tliis  rock  is  part  of  the  dangerous  shoal 
already  represented  on  the  chart  ;  but  as  the  rock  uncoA^ers  only  about  the  time  of  loAv-Avater  spring- 
tides,  and  then  shows  about  two  feet  aboA*e  the  Avater,  being  covered  at  other  stages  of  the  tide,  the 
chart  will  be  marked  accordingly. 

in  the  course  of  the  winter,  soundings  in  the  vicinity  of  Point  Dume  developed  a  deep  pocket 
close  in  with  the  cape.  A  large  bank  was  found  reaching  from  the  shore  through  the  middle  of  the 
Bahia  Qua  as  much  as  ten  miles  seaward.  On  this  Lieutenant-Commander  Taylor  found  fiom 
twenty-fiA  e  to  tbrty-fiA'e  fathoms,  but  one  hundred  and  tAvo  hundred  fathoms  around  the  bank. 

Dume  Cove  was  developed  by  sounding  and  found  to  be  a  good  anchorage.  The  holding-ground 
was  tested  at  intervals  in  other  localities.  Late  in  October  the  steamer,  after  taking  in  coal  at  San 
Francisco,  commenced  soundings  in  Bahia  Ona  Avith  special  reference  to  the  development  of  hydrog¬ 
raphy  in  the  vicinity  of  Santa  Monica.  This  work  was  prosecuted  at  favorable  intervals,  and  was 
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completed  in  the  middle  of  March,  but  ])reviouHly  stated,  the  services  of  the  steamer  were  called 
for  elsewhere  temporarily.  Sailing-directions  for  landing  at  Santa  Monica  were  given  on  the  chart 
which  was  turned  in  by  Lieutenant-Commander  Taylor.  Ex]K)sed  as  the  place  is  to  the  swell  of  the 
sea,  the  wharf  has  been  built  to  lessen  as  much  as  jmssible  the  I’esulting  inconvenience.  Of  the 
anchorage  it  is  remarked :  ‘‘  This  may  be  said  to  extend  from  one-quarter  of  a  mile  offshore  in  three 
fathoms  to  a  mile  and  a  (]uarter  ott’shore  in  ten  fathoms.  The  holding-ground  is  excellent,  and  may 
be  designateil  as  safe,  though  very  uncomfoi  table.” 

The  aggregate  statistics  of  work  done  by  the  party  in  the  steamer  Hassler,  as  represented  by 
six  hydrographic  sheets,  are : 


Miles  run  in  sounding .  271 

Angles  measured .  8,  595 

Number  of  soundings .  15,  634 


A  survey  subsequently  made  by  Lieutenant-C^unmander  Taylor  will  l)e  noticed  ])re8eutly  in  its 
proper  geographical  order. 

During  the  early  i)art  of  the  ])resent  fiscal  year  Lieuts.  George  Talcott,  George  W.  Tyler,  and 
J.  D.  Adams,  IJ.  S.  N.,  were  attaehetl  to  the  party  in  the  Hassler.  Those  officers  when  detaehed 
were  replaced  by  Lieutenants  Cutts,  Wyckoff,  and  Uedfield.  Lieuts.  Frank  Courtis  and  Kichardson 
Clover,  U.  8.  N.,  have  remained  during  the  year  in  service  with  the  steamer. 

Survey  of  Catalhm  iHland, — To  provide  for  continuing  the  survey  of  the  Santa  Barbara  Channel 
Islands,  Assistant  Stehman  Forney  was  authorized  to  ])rocure  a  small  vessel  suitable  for  the  trans¬ 
portation  of  his  party.  The  vessel  was  delivered  to  him  at  San  Francisco  on  the  21st  of  October, 
1875.  A  few  days  after,  when  completely  outfitted,  the  sloop  Catalina  was  towed  to  Santa  Barbara 
by  the  Coast  Survey  steamer  Htussler,  and  from  thence  crossed  the  channel  to  Catalina  Harbor, 
where  the  triangulation  of  the  island  was  commenced.  At  the  outset  of  the  work  Mr.  Forney  selected 
a  site  near  the  harbor  and  measured  a  base-line,  the  ends  of  which  were  carefully  marked  as  usual. 
From  the  extreme  west  end  of  the  island  the  triangulation  was  extended  eastward  about  nine  miles, 
and  in  its  course  includes  Catalina  Harbor  and  Isthmus  Cove,  an  indentation  on  the  north  side  of 
the  island  corres])onding  to  the  harbor.  Work  in  the  field  was  continued  until  the  4th  of  February, 
when  the  parfy  was  disbanded  and  the  sloop  returned  to  Catalina  Haibor.  During  i)art  of  the  sea¬ 
son  Assistant  Forney  was  aided  by  Mr.  W.  S.  Edwards.  The  statistics  of  the  work  are : 


Signals  erected .  32 

Stations  occupied .  16 

Horizontal  angle  obseiwations .  5, 685 

Vertical  angle  observations .  434 


Nine  of  the  peaks  and  headlands  were  determined  In  position  and  height.  To  obtain  a  plane 
of  leference  for  the  heights,  Mr.  Forney  recorded  a  series  of  tidal  observations  at  a  station  on  the 
shore  of  Catalina  Harbor.  After  lea\dng  the  field,  duplicates  were  made  of  the  records,  and  with 
the  computations,  abstracts,  and  completed  plane-table  work  of  the  prerfous  season,  tlie  residts 
were  forwarded  to  the  office.  Tracings  from  the  sheets  of  his  detailed  survey  of  Santa  Cruz  Island 
were  fiumished  to  the  Santa  Cruz  Island  Company  at  the  request  of  the  leading  officer. 

Triangulation  across  Santa  Barbara  Channel, — This  work  has  been  essentially  completed  by 
angular  measurements  made  at  two  stations  on  the  main  eiust  and  west  of  Point  Concepcion,  in  con¬ 
nection  with  stations  on  San  Miguel  Island  and  Santa  Cruz  Island.  North  of  Point  Concepcion 
stations  have  been  selected  and  observed  on  for  continuing  the  main  triangidation  toward  Monterey 
Bay,  and,  as  will  be  seen  by  the  progress- sketch,  observations  at  the  station  on  Anacapa  Island  A^dll 
finally  complete  the  triangidation  across  the  Santa  Barbara  Channel.  Assistant  O.  H.  Tittmann 
left  San  Francisco  with  his  parfy  on  the  8th  of  Sejitember,  1875,  and  as  soon  as  practicable  reached 
Gaviota  Pass.  Lieutenant-Commander  Taylor  being  at  Santa  Barbara  with  the  steamer  Hassler, 
transiiorfation  was  afforded  for  crossing  to  San  Miguel  and  Santa  Kosa  Islands,  where  signals  were 
set  up.  These,  because  of  the  difficulty  of  passing  heavy  signal-poles  across  the  canons  and  over 
the  hills  of  the  islands,  were  made  of  sheet-iron  in  cylinders  about  eight  feet  long.  One  person 
readily  earned  a  section  of  the  signal  and  set  it  iq)  at  the  station-point.  Primaiy  signals  were 
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erected  also  at  I^oint  Sal  and  at  Arjifuello.  lletuniing*  to  Gaviota,  Assistant  Tittmann  and  his  aid^ 
Mr.  D.  B.  Wainwright^  employed  all  favorable  intervals  of  weather  in  the  ineasureinent  of  hori¬ 
zontal  auricles-  Observations  were  completed  at  that  station  on  the  6th  of  December.  Incidentally, 
the  lines  of  level  run  to  the  station  in  May,  1875,  were  referred  to  the  half-tide  level  of  the  ocean 
by  means  of  a  tide-grange  e8tabli8he<l  at  Ga\iota  wharf. 

After  the  completion  of  work  at  Ga\iota,  the  camj)  was  removed  to  the  Cahada  Honda,  at  the 
base  of  Traiiquilloii,  on  which  Argnello  station  is  established.  Obsen^ations  were  recorded  there 
for  latitude  and  azimuth,  in  acldition  to  the  measnrement  of  horizontal  angles.  Besides  observing 
on  primar\^  lines,  the  light  house  at  Point  Concei)eion  was  included  as  a  point,  and  was  observed  on 
from  Argiiello  as  it  had  been  from  the  other  adjoining  x)riniar>'  stations.  As  the  position  of  the 
light-house  has  been  determined  by  astronomical  observations,  the  angidar  measureinents  last  men¬ 
tioned  afford  data  for  discussion  in  regard  to  the  very  large  deflection  of  the  plumb-line  in  that 
vicinity.  While  Mr.  Tittmann  remained  at  Gaviota  and  Arguello,  the  secondary  stations  on  8anta 
Rosa  and  San  Mi^iel  Islands,  as  well  as  the  ^isible  rocks  in  the  vicinity  of  the  latter,  were  observed 
on  Avith  the  theodolite. 

Late  ill  February  last  the  part>'  was  transferred  from  ^Vrguello  to  the  east  end  of  Santa 
Cniz  Island.  The  weather  was  unfavorable,  but  the  requisite  angular  ine^isiu’enients  were  coiu- 
plettnl  by  the  end  of  March.  The  season  being  too  far  mlvanced  to  warrant  the  transfer  to  Ana- 
capa  Island  under  any  prosiiect  of  continuous  weather  for  observations,  the  jiarty  returned  to  San 
Franciscxi,  and  was  there  discharged  on  the  10th  of  April. 

For  latitude.  Assistant  Tittmann  observed  during  six  nights  at  Ga\iota  and  flve  nights  at 
Arguello,  and  recorded  two  hundred  and  flfteen  observations  on,  forty-four  jiairs  of  stars.  Azimuth 
was  determined  at  tlie  two  stations  by  an  aggregate  of  five  hundred  and  foify  observations,  and 
the  value  of  the  niicrometer-di\’isions  was  ascertained  as  usual.  At  the  thiee  primary  stations 
occupknl  by  the  party  twenty-four  hundred  and  thirty-one  measurements  of  horizontal  angles  were 
reconled.  Anacapa  Island  will  be  occuiiied  by  the  party  of  Assistant  Tittmann  early  in  the  present 
fiscal  year. 

Triatu/itlatiau  from  Point  JSiir  to  Monterey  Bay j  Cal. — In  July,  1875,  Assistant  A.  F.  Rodgers  and 
the  aid  in  his  party,  ^Ir.  E.  F.  Dickins,  uuule  a  reconnaissance  along  the  coast  from  Monterey  Bay 
south  wanl  to  Point  Sur,  and  set  up  signals  at  projier  intervals  in  the  following  month.  Owing  to  the 
roughness  of  the  country  and  difficulties  of  transportation,  most  of  the  work  w  as  done  under  expos¬ 
ure,  the  jiarty  in  hen  of  tents  beuig  sheltered  at  night  in  hay-sheds,  as  the  houses  of  settlers  on 
that  part  of  the  coast  are  generally  too  small  for  any  inside  accommodation  to  strangers. 

Haling  decided  upon  the  scheme  for  tiiangulation  the  detailed  work  was  left  in  charge  of  Mr. 
Dickins  in  the  absence  of  Assistant  Rodgers,  who  had  ])roceeded,  in  accordance  w  ith  directions,  to 
eonstnict  and  place  an  iron  signal  on  the  summit  of  Mount  Shasta,  fruiher  referem^e  to  w  hich  will 
be  maile  before  closing  notices  of  the  w^ork  done  in  this  section. 

The  triaiigulation  along  the  coast  fi*om  Point  Sur  to  Monterey  Bay  was  com])leted  in  Deceinlier^ 
Under  the  direction  of  Assistant  Rodgers,  projections  for  the  i)lane-table  siuvey  within  the  same 
limits  were  made  by  Mr.  George  Fai*quhar. 

Topography. — In  January,  field-work  was  resumed  with  the  plane-frible  between  Monterey  Bay 
and  Cannel  Bay,  and  one  sheet  was  filled  with  topographical  details  by  the  end  of  March;  a  second 
sheet  was  immeiliately  taken  in  hand  and  was  finished  by  the  end  of  June. 

In  addition  to  the  field-wwk  of  his  party.  Assistant  Rodgers  conducted  the  details  pertaining 
to  the  suboffice  at  San  Francisco,  which,  as  the  repositorj^  of  data  requisite  for  the  operations  of 
his  own  and  all  the  other  parties,  must  be  managed  with  systematic  care. 

The  statistics  of  field-work  done  between  Point  Sur  and  Monterey  Bay  are: 


Signals  erected . 47 

Stations  occupied .  44 

Angles  iiieasuml .  475 

Number  of  observ  ations .  10,000 

Shore  line  sm  veyed,  miles .  36 

Roads,  miles .  32 

Area  of  topography,  square  miles .  24 
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Two  additional  sheets,  which  wiU  join  at  Point  Sur,  remain  for  comi)letion  hereafter.  The 
coast  is  very  wild  in  this  vicinity,  the  mountains  coming  down  to  the  sea  for  the  considerable 
stretch  bet^veen  Point  Sur  and  Cape  San  Martin. 

Tidal  ohservatiom, — Tlie  observations  with  self-registering  tide-gauge  at  Fort  Point,  Cal.,  and 
meteorological  observations  there,  have  been  continued  by  Mr.  E.  Gray,  under  the  immediate  direction 
of  Col.  G.  H.  Mendell,  United  States  Engineers,  who  has  caused  the  instructions  which  were  sent 
from  the  office  to  be  executed  by  the  observer  very  satisfactorily.  The  apparatus  continues  to  work 
well,  and  the  series  in  consequence  is  already  very  valuable. 

CurrenU  of  San  Franoiffco  Bay. — At  the  closing  of  my  last  annual  report  Assistant  Gershom 
Bradford  was  prosecuting  the  hydrography  of  the  coast  of  California  in  the  vicinity  of  Rocky  Point. 
Soon  after  the  opening  of  the  present  fiscal  year  the  paity  returned  to  San  Francisco  in  the  schooner 
Yukon.  After  discharging  the  crew  Mr.  Bradford  took  up  office-work,  and  i>lotted  the  soundings 
which  he  Inul  recorded  at  Humboldt  Bar  and  Orford  Reef,  and  the  a<lditional  soundings  made  on 
the  Cordell  Bank.  The  hydrographic  sheets  of  the  coast  between  Rocky  Point  and  Cape  Fortunas 
were  also  taken  in  hand  and  completed.  Special  attention  was  afterward  given  to  the  graphic 
development  and  tabulation  of  the  cuiTents  of  San  Francisco  Bay,  in  reganl  t4)  which  numerous 
observations  Innl  been  recorded.  All  the  original  registers,  working-sheeta,  and  notes  relating  to 
the  previous  work  of  the  party  have  been  received  from  Assistant  Braxlford.  Toward  the  end  of 
the  fiscal  year  his  pre])arations  were  complete  for  taking  up  hydrographic  work  in  Section  XI. 

Hydrography  of  Mare  Inland  Strait  and  Karquinen  Strait. — An  elaborate  hydrographic  survey 
of  these  waters  was  (M)mmenced  on  the  ISth  of  May,  1870,  by  the  party  of  Lieut,  ("ommander  H. 
C.  Taylor,  U.  S.  X.,  assistant  in  the  Coast  Snrv  ey,  in  charge  of  the  steamer  Hassler,  and  the  work 
was  essentially  completed  by  tiie  end  of  June.  In  conjunction  with  soundings,  the  tides  and  currents 
were  carefully  observed,  and  to  the  dangers  known  as  “  Gedge  Shoal,”  “  Commission  Ro(‘k,”  and 
‘‘Martin’s  Ledge,”  special  attention  was  given  for  their  develoi)ment.  The  space  sounded  is  com¬ 
prised  between  Nav^y-Yard  Slough  and  Strait  Point.  Normal  to  the  shores  numerous  lines  of 
soundings,  giving  sections  of  the  strait,  w'ere  run  within  the  limits  named,  and  these  were  crossed 
by  a  few  longitudinal  lines  which  were  ]>lotted  merely  as  checks  uimn  the  working-sheet. 

In  reference*  to  the  results  of  his  survey  compare<l  with  the  existing  chart,  LieutenanLCom- 
mander  Taylor  observ  es : 

“A  general  shoaling  of  about  half  a  fathom  is  observable  in  Mare  Lsland  Strait  and  ui>on  the 
bar  since  1864,  and  the  high  and  low  water  lines  have  encroached  somewhat  upon  the  channel,  but 
as  a  result  the  curient  seems  to  hav^e  quickened,  and  probably  the  shoaling  has  nearly  or  entirely 
cease<l.  This  surmise,  however,  has  not  yet  been  verified. 

“In  the  river  above  the  navy-yard,  the  low- water  line  has  encroached  slightly  u|K)n  the  channel, 
but  the  high-water  line  has  receded  considerably,  giving  a  somewhat  greater  area  by  high  water 
than  before,  which  seems  to  indicate  that  the  current  in  the  strait  connecting  this  expanse  of  water 
with  San  Pablo  Bay  is  probably  increasing  rather  than  lessening  in  force.” 

Where  changes  in  shore  line  were  noticeable,  the  present  outline  was  carefully  tra(*ed  in  some 
places  by  means  of  the  plane-table  and  in  others  from  numerous  points  which  were  determined  with 
the  sextant.  Lieutenantz-Oornmander  Taylor  considers  as  yet  undecided  the  question  whether  the 
shoaling  at  the  bar  has  ceased  or  is  still  going  on.  The  statistics  of  this  w’ork  are ; 

Miles  run  in  sounding .  127 

Angles  measured .  2, 128 

Number  of  soundings .  6,  206 

On  receipt  of  the  original  hydrographic  sheet,  direction  w  as  given  for  its  reduction  preparatory 
to  the  immediate  issue  of  a  chart  by  the  photolithogniphic  i)rocess. 

Work  previously  done  by  the  party  in  the  steamer  Hassler  has  been  mentioned  already  in  this 
section  of  the  report. 

Primary  triangulation. — At  the  end  of  February,  1876,  Assistant  George  Davddson,  who  had 
conducted  a  party  for  observing  the  last  transit  of  Venus  at  a  station  in  Japan  from  which  he 
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returned  by  the  way  of  India  and  Europe,  presented  a  comprehensive  report  on  the  results  of  his 
observations  abroa4l.  This  includes  the  subjects  of  irrigation  and  land  reclamation  as  practiced  in 
India,  Egypt,  Italy,  the  Netherlands,  &c.;  harbor  and  river  improvements  in  Asia  and  Eiuope ;  geo¬ 
detic  field-inetlKMls  in  India,  and  generally  the  topics  on  which  usefid  information  could  be  gainwl  by 
incidental  inquiries  in  the  return  from  a  distant  foreign  country.  Proceeding  in  March  to  San 
Francisco,  jMr.  Davidson  resumed  charge  of  the  main  triangulation  for  which  reconnaissance  had 
been  previously  made  across  the  Sierra  Nevada.  In  order  to  ascertain  the  conditions  for  field-work 
with  refereiie^e  to  snow'  on  the  Sierras,  examination  was  made  as  far  south  as  the  Tehatchepee  Pass 
in  April.  ^Ir.  Davidson  remarks  incidentally  that  the  railroad  as  located  through  that  depression 
shows  engineering  skill  superior  to  many  instances  in  India  and  Europe  in  overcoming  the  natural 
difficulties  of  tbe  region. 

In  the  Sacramento  Valley  Professor  Davidson  selected  a  site  for  a  base-line,  from  the  ends  of 
which  connection  is  direct  with  the  main  triangulation  by  a  w'ell -conditioned  quadrilateral.  Assist¬ 
ants  Cleveland  Rockwell  and  William  Eimbeck,  w  ho  accompanied  on  this  reconnaissance,  found  the 
approximate  length  of  the  base  would  be  nearly  eleven  miles.  This  will  be  named  the  “  Yolo  Base,” 
as  it  lies  in  the  narrow'  county  of  that  name. 

Signals  have  been  erected  at  the  station -points  Monticello  and  Vaca,  and  heliotropes  w  ere  posted 
at  Lola  Mountain  and  Round  Top.  The  last-named  station  w  as  reached  in  May  by  passing  through 
a  region  thirty  miles  wide  that  was  then  covered  with  snow.  Assistant  Davidson  has  alretidy 
observed  upon  the  heliotropes  at  Lola  (138  miles  distant);  and  at  Round  Top,  which  is  120  miles 
froiii  the  theodolite-station.  At  the  end  of  June  last,  wiien  the  last  report  w^as  sent  from  the  held, 
prospects  were  good  for  progress  in  the  triangulation. 

Under  the  immediate  direction  of  Mr.  Davidson,  Subassistant  G.  Farquhar  has  supplied  tracings 
and  other  data  needed  from  the  suboffice  in  San  Francispo  by  the  field  and  hydrographic  parties. 
Profeasor  Davidson  continues,  as  heretofore,  special  study  for  improvements  in  the  astronomical  and 
other  instruments  requisite  for  the  operations  of  his  party.  His  suggestions,  as  embodying  the 
results  of  large  experience  and  close  attention,  are  noted  in  the  office,  and  are  applied  from  time  to 
time,  as  occasion  arises,  for  repairing  or  modifying  the  instruments  of  precision  needed  in  the  sev¬ 
eral  processes  of  the  Coast  Survey. 

So  far  as  now  projected,  the  series  of  quadrilaterals  starting  from  the  \icinity  of  Mount  Diablo 
where  it  connects  with  the  piimary  triangulation  of  the  Pacific,  and  from  wrhich  the  chain  of  quad- 
rilaterals  is  intended  to  pass  eastward,  is  made  up  of  the  longest  lines  found  practicjible  after  a 
thorough  examination  of  the  region.  Early  in  July,  Messrs.  T.  J.  Low  ry  and  W.  H.  Stearns  will 
join  the  triangulation-party  as  aids,  and  it  is  confidently  expected  that  observations  needfid  for 
completing  the  first  great  quadrilateral  of  the  main  triangulation  are  now  advancing  towiird  com¬ 
pletion. 

Under  a  call  made  in  the  United  States  Senate,  the  paper  of  Professor  Davidson  embodying 
his  remarks  on  systems  in  force  for  irrigation  and  land  reclamation  was  sent  to  that  body  through 
the  Treasuiy^  Department.  The  paper  is  of  special  interest,  as  already  the  necessity  for  xdans  of 
irrigation  for  some  of  the  rich  valleys  of  California  has  been  reported  by  an  able  commission  as  of 
]iaramoniit  iinjmrtaiice  for  the  region  referred  to  in  their  report. 

CooJtf  t4ypographyj  north  of  Bodega  Head^  CaL — For  cx)ntinuing  the  survey  of  the  coast  of  Cali¬ 
fornia  northward  of  Bodega  Heml,  a  party  organized  by  Assistant  L.  A.  Sengteller  was  in  the  field, 
near  Duncan’s  Mill,  on  the  10th  of  Jidy,  1875.  After  making  a  reconnaissance,  it  w  as  deemed  most 
expedient  to  be^^n  operations  near  the  upper  limit  of  the  contemplated  work,  and  the  camp  of  the 
party  was  consequently  pitched  at  Russian  Gulch  so  as  to  admit  of  extenduig  the  plane-table  sur¬ 
vey  in  both  flirections  from  that  point.  By  the  end  of  October  the  work  done  included  the  coast- 
details  for  a  distance  about  five  miles  north  of  Russian  Gulch.  This  embraced  a  very  abrui)t  and 
bfoken  coast-line,  and  represents  the  ground-surface  as  rising  rapidly  in  passing  from  the  sea-mar- 
gin  back  to  the  fii’st  crest  of  hills,  which  show  elevations  of  seventeen  huiufred  feet  within  a  mile 
and  a  half  of  the  ocean.  Two  miles  north  of  Russian  Gidch  the  redwood  forest  comes  to  the  water¬ 
line,  and  that  growth  prevails  some  distance  northward  toward  Point  Arena. 

From  his  camp  Mr.  Sengteller  pushed  the  topographical  survey  south w'ard  as  far  as  the  mouth 


Digitized  by 


Google 


56 


REPORT  OF  THE  SUPERINTENDENT  OF 


of  Russian  River.  In  general,  the  character  of  the  coast  is  similar  to  that  north  of  the  Gulch,  but 
is  destitute  of  timber. 

In  September,  while  the  plane-table  survey  was  advancing,  rectouuaissance  was  nnule  for  extend¬ 
ing  the  triaiigidatioii  northward  as  far  as  Stewart’s  Pass.  The  scheme  decided  uimu  involved 
much  labor  and  hardship,  and  was  obtained  only  by  climbing  every  hill  or  point  in  the  ai’ea  to  be 
included.  The  work  of  triangulation  was  mlvanced  by  occupying  Itoss  Mountain  and  completing 
angular  measurements  on  the  stations  at  Rodega  Hill  and  Redwood  to  the  eastwaril,  and  to  several 
stations  southward  and  westward  of  lioss  Mountain. 

Early  in  November  the  pai-ty  wiis  transfened  to  a  working-camp  foiu*  miles  south  of  Russian 
River,  and  from  that  imiiit  the  topographical  survey  was  extended  down  the  (!oast  mitil  the  5th  of 
December.  Bml  weather  throughout  the  season  retarded  the  field-work  on  this  part  of  the  coast. 
In  the  middle  of  that  mouth  the  work  was  resumed  above  Duncan’s  Mill,  and  was  coutinuetl  until 
the  end  of  February,  when  the  detailed  sur\'ey  of  the  coast  was  completed  from  8almon  Creek 
northward  and  westward  to  a  point  nearly  five  miles  above  Russian  (lulch.  Mr.  G.  H.  Wilson 
aided  in  the  field-operations.  The  statistics  are  as  follows : 


Signals  erected .  4 

Stations  occu]>ied .  9 

Angles  meiusured .  74 

Number  of  observations . . .  1 , 423 

Shore  line  sim^eyed,  miles .  17 

River  and  streams,  miles .  12 

Roads,  miles .  36 

Area  of  topography,  square  miles .  20 


After  completing  his  oflRce-work  Assistant  Sengteller  resumed  the  survey  of  the  coast  in  the 
vicinity  of  Foii:  Ross,  and  is  now  advancing  towanl  Point  Arena.  Details  inspecting  the  work  now 
in  progress  will  be  given  in  my  next  annual  repoit. 

Mount  Shmta  nignal. — Of  several  plans  for  a  signal  that  woidd  be  visible  in  clear  weather,  and 
sufficient  to  resist  the  violence  of  the  elements  at  a  summit  14,400  feet  high,  one  prof)osed  by 
Assistant  C.  A.  Schott,  of  the  Computing  Division,  Coast  Survey  Office,  Wiis  mlopted.  The  details  of 
construction  and  the  erection  of  the  signal  on  the  summit  of  Mount  Shasta  were  assigned  to  Assist¬ 
ant  A.  F.  Rodgers,  who  had  preNiously  tested  the  practicability  of  the  undertaking  by  an  ascent  in 
April,  as  mentioned  in  my  last  annual  report.  The  signal  of  galvanized  iion  is  a  shaft,  in  twelve 
sections,  resting  upon  a  base-jdate  of  8  brass  bars  bolted  together  in  crib-w  ork  form,  and  sim- 
moiuited  by  a  copper  conoid  3  feet  high,  nickel-plated  and  buniished.  See  ac(*omi)anying  illustration. 

The  total  height  of  the  signal  from  base  to  toi>  of  conoid  is  14  feet  19 J  inches.  In  order  to 
obtain  the  greatest  possible  stability,  tlie  shaft  wiien  set  up  w  as  filleii  to  about  tw  o-thirds  its  height 
with  broken  rock. 

The  iron-work  for  the  shaft  and  the  copjier  conoid  being  finally  complete  in  accordance  with 
specifications,  Assistant  Rodgei’s  left  San  Francisco)  September  21,  and  reaching  the  base  of  the 
mountain  several  days  in  advance  of  the  material  for  the  signal,  at  once  ma4le  lueparations  for  the 
ascent.  Three  cam])S  were  established  at  different  elevations  on  tlie  mountain-side,  trails  w  ere  made 
for  the  teams  recpiisite,  and  provisions  and  forage  w  ere  stored  for  the  use  of  the  party  and  horses. 
The  material  and  outfit  airived  at  the  date  expected,  and  their  transfer  to  the  suiimiit  w  as  com¬ 
menced  September  29.  By  the  evening  of  October  5  the  w  hole  party  had  arrived  at  the  summit, 
the  work  of  excavation  for  the  foundation  and  sight-lines  w  as  completed,  and  the  signal  was  ready 
for  erection.  This  work  w  as  attended  w  ith  considerable  difficulty,  ow  ing  to  the  small  space  at  the 
siunmit  available  for  operations,  but  w  iis  successfully  accomi)lished  by  October  7,  and  the  party 
then  retiuned  to  the  v  alley.  The  progress  of  the  work  w  as  favored  by  two  causes,  an  uncommoidy 
light  snow-fall  din  ing  the  preceding  season,  and  the  uiuusually  late  commencement  of  the  autumnal 
storms,  which  generally  begin  about  the  end  of  Sei)tember,  and  render  the  ascent  of  the  mountain 
imi>ossible  until  late  in  June.  During  their  stay  at  the  summit  the  party  suffered  from  continual 
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lieadache«,  and  were  unable  to  sleep,  which  effects  were  attributed  to  the  rarefied  air  at  that  high 
elevation.  * 

Observations  of  horizontal  and  vertical  angles  were  made  by  Assistant  Eimbeck,  who  accom¬ 
panied  Mr.  Rodgers.  A  diagram  of  the  signal,  sketch  showing  the  general  features  of  the  summit, 
and  a  collection  of  specimens  of  various  kinds,  w'ere  transmitted  to  the  office  with  the  final  report 
after  the  completion  of  the  work.  Under  favorable  combtions  the  i>ermanent  signal  on  Mount 
Shasta  will  be  ^i8ible  at  several  of  the  stations  selected  by  Assistant  Eimbeck  in,  his  reconnaissance 
across  the  Sierra  Nevada  to  the  eastward  of  San  Francisco. 


SECTION  XI. 


COAST  OF  OREGON  AND  OF  WASHINGTON  TERRITORY,  INCLUDING  THE  INTERIOR  BAYS,  PORTS,  AND 

RIVERS.— (Sketch  No.  21.) 

Coast  topography  near  Tillamook  Bay,  Oreg, — When  my  last  annual  report  closed.  Assistant  J. 
J.  Gilbeit  was  pushing  the  plane-table  surv^ey  of  the  coast  of  Oregon  southward  of  Tillamook  Heml. 
By  the  end  of  September,  1875,  the  work  had  been  advanced  in  that  direction  as  far  as  the  entrance 
to  Tillamook  Bay,  w^here  needful  measiucments  were  made  for  connecting  with  previous  work.  Of 
three  sheets  resulting  from  the  field-operations  in  this  quaiter  the  middle  one  represents  seveml 
miles  of  the  lower  part  of  Nehalem  River.  Above  and  below  that  entrance  the  numerous  heights  iu 
view  from  the  coast  were  observed  on,  and  their  approximate  positions  were  marked  on  the  plane- 
table  sheets.  The  statistics  are ; 


Shore  line  sun  eyed,  miles .  39 

Trails,  miles .  5 

Area  of  topography,  square  miles .  20 

At  inten'als,  while  this  work  was  in  progress.  Assistant  Gilbert  completed  observ^ations  for 
connecting  his  coast-triangulation  with  that  of  the  Columbia  River.  The  work  done  for  that  puri>ose 
is  represented  iu  the  following  synopsis : 

Signals  erected . 0 

Stations  occupied .  16 

Angles  measured . 75 

Number  of  observations .  2, 304 

Including  the  signals  set  up,  eighty  objects  were  observetl  on,  the  greater  number  being  the 
heights  before  mentioned. 

Hydrography  of  the  Columbia  River, — After  the  completion  of  work  which  has  been  noticed 
under  the  prece<ling  heml.  Assistant  Gilbert  transferred  his  party  to  Portland,  Oreg.,  and  there 
fitteil  out  for  servdce  the  Kincheloe,  a  flat-bottomed  boat,  and  as  soon  as  practicable  took  up  sound¬ 
ings  in  Columbia  River  at  the  limit  reiiched  in  hydrography  by  the  late  Assistant  Cordell.  Up  the 
river,  soundings  wei*e  advanced  as  far  as  Burroughs’  Station  on  the  north  side  and  to  Puget  Station 
on  the  Oregon  side  of  the  river.  Tides  were  recorded  at  Cathlamet,  W.  T.,  during  two  lunations, 
and  simultaneous  observ'ations  were  made  with  a  tide-gauge  at  Clifton,  Oreg.  Assistant  Gilbert 
commenced  hydrographic  work  in  the  Columbia  on  the  15th  of  October,  and  soimdings  wei*e  prose¬ 
cuted  until  the  15th  of  December.  The  sbitistics  are : 


Miles  run  in  sounding .  214 

Angles  measured .  2,  522 

Number  of  soimdings .  15,  684 


For  the  adjustment  of  soundings  thirty-four  signals  were  set  up  along  the  shores  and  deter¬ 
mined  in  position  by  angular  measurements  with  the  theodolite. 

Winter-rains  prevailed  during  the  entire  period  ocmipieil  by  the  part;y"  on  the  Columbia.  The 
fieshet  early  in  the  present  year  was  consequently  great,  and  has  been  the  most  disastrous  e\er 
knoMTi.  Assistant  Gilbert  says :  ‘‘The  river,  even  so  near  the  mouth  as  Clifton,  has  risen  above  all 
the  islands  and  low  lands ;  the  current  runs  ebb  very  strong  at  all  times,  and  the  mean  rise  and  fall 
of  tides  at  Clifton  is  only  about  one  foot,  against  six  feet  last  autumn.” 

S.  Ex.  37 - 8 
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Assistant  Gilbert  was  aided  in  service  in  this  section  by  Mr.  F.  Westdahl. 

A  copy  of  the  plane-table  sHeet  containing  the  survey  of  Xehalem  River  was  promi>tly  made 
by  Mr.  Gilbert  after  completing  his  field-work,  and  wtis  furnished  to  Geneial  Michler,  at  the  request 
of  that  officer.  Details  on  the  plane-table  sheets  of  that  iiaii  of  the  coast  of  Oregon  represent  rocky 
heaillands,  sand-beaches,  and  fringes  of  the  adjacent  forest. 

On  the  1st  of  June,  1870,  after  completing  the  computations  of  his  triangulatiou  of  the  pre- 
CvCding  season,  and  the  plane-table  and  hydrographic,  sheets  of  the  work  of  his  party,  Mr.  Gilbert 
resumed  soundings  in  the  Columbia,  and  is  now  extending  the  hydrography  of  the  river  upwards, 
witliin  the  limits  of  the  plane-table  survey,  the  details  of  whieh  have  been  mentioned  in  i)revious 
annual  reports. 

Tidal  obserratimw. — Under  the  direction  of  Col.  G.  H.  Mendell,  United  States  Engineers,  the 
ex(*ellent  series  of  tidal  and  meteorological  observations  at  Astoria,  Oreg.,  have  teen  kept  up  by 
Mr.  L.  Wilson.  The  self-registering  gauge  at  this  station  has  been  long  in  use,  but  registers  well 
under  the  care  and  attention  of  the  observer. 

Hydrography  of  Admiralty  Inlety  W,  T. — At  the  close  of  the  last  fiscal  year  Assistant  J.  S. 
Lawson  was  completing  the  survey  of  the  shores  and  soundings  at  Duwamish  Bay.  Subsequently, 
as  the  weather  of  the  season  allowed,  the  hydrograi)hy  of  Admiralty  Inlet  was  prosecuted  and  was 
extended  by  the  party  in  the  brig  Faimtleroy,  from  Meadow  Point  northward  to  Point  Elliot  in 
Possession  Sound,  and  westward  quite  across  the  iidet  from  Monroe  Point  northwaixi  to  Foulweather 
Bluff.  The  soundings  include  a  close  examination  of  the  shoal  which  extends  fi*om  Wing  Point  to 
Blakely  Rocks,  and  development  of  the  approaches  to  Port  Blakely,  Eagle  Harbor,  and  Murden’s 
Cove.  From  Foulweather  Bluff  and  Double  Bluff  the  hydrography  to  the  eastward  includes  the 
Scatchet  Bank.  In  that  work  an  amount  of  anchorage-ground,  greater  than  has  been  generally 
knowui,  was  developed,  esi)ecially  in  what  is  known  as  Useless  Bay,  and  on  Scatchet  Bank.  Hith¬ 
erto  the  first-named  has  been  looketl  on  with  disfavor  and  even  w  ith  dread,  because  as  the  water 
shoaled  suddenly,  it  was  supposed  that  vessels  had  no  room  to  go  about  after  leading  deep  water 
Tills  applies,  hownver,  to  the  w  estern  side  of  the  bay  only ;  on  the  eastern  side  the  anchorage  ateut  a 
mile  from  the  shore  is  so  good  as  to  make  the  ordinary  name  of  the  bay  a  misnomer.  The  bay  is  not 
in  any  sense  a  harbor  from  strong  winds,  but  in  calms  or  light  winds  and  head  currents  the  anchorage 
there  would  save  many  miles  of  lost  giwud;  and  Mr.  Lawson  reports  that  there  is  ample  sea-room 
for  getting  under  w  ay  without  danger  in  case  the  wind  shoidd  spring  up  from  any  direction. 

‘^Tlie  Scatchet  Bank^  extends  in  a  direction  south -southw  est  fully  three  miles  and  a  half  toward 
Apjile  Tree  Cove.  Depths  on  it  are  very  iiTcgiilai',  and  at  the  end  of  the  bank  the  water  suddenly 
deepens  to  over  one  hundred  fathoms.  When  the  extent  of  the  bank  becomes  generally  kuowm  by 
the  chart,  it  will  be  of  great  benefit  to  vessels  as  an  anchorage.  Until  the  1st  of  September,  1875, 
Mr.  T.  P.  Woodward  was  attached  to  this  party  as  aid.  Mr.  F.  A.  Lawson  aided  in  the  work 
throughout  the  season.  The  steam-launch  Lively,  with  a  separate  crew,  was  in  service  w  hile  sound¬ 
ings  were  in  progress.  The  following  are  statistics  of  the  work : 


Miles  run  in  sounding .  351 

Angles  measured .  1, 255 

Xumter  of  soundings . . .  10, 890 


Tidal  observations. — At  Port  Townshend,  W.  T.,  the  series  of  observations  conducted  under  the 
direction  of  Colonel  Mendell,  United  States  Engineers,  has  been  continued  by  Mr.  L.  Nessel.  The 
pendulum-clock  heretofore  in  use  had  frequently  been  stopped  by  the  \ibration  of  the  little  stnicture 
which  protects  the  gauge,  but  it  will  be  very  soon  replaced  by  a  balance-wheel  clock.  An  inter¬ 
changeable  cylinder  gauge  will  also  be  sent  to  insure  the  continuity  of  the  series  at  Port  Townshend. 

Topography  of  Puget  Sound,  W.  T. — For  tliis  work  a  paity  w  as  organizeil  in  Jiuie,  1876,  to  work 
under  the  (iiarge  of  Subassistant  Eugene  EUicott,  whose  arrangements  at  Seattle  were  in  progress 
when  this  rejiort  was  closed.  The  shores  of  the  sound  will  be  traced  south  of  Restoration  Point 
and  Batters^  l^oint  to  Steilacoom,  by  his  party  w  orking  with  a  cuttei*,  w  hich  has  been  pro\ided  for 
that  and  similar  service  in  this  section. 

Tidal  observations. — At  the  suggestion  of  W.  D.  Alexander,  esq.,  supeiintendent  of  the  Hawaiian 
Government  survey,  a  tide-gauge  has  been  fitted  up  and  forw^arded  to  Honolidu,  where,  under  the 
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directiou  of  Mr.  Alexander,  a  series  of  tidal  observations  will  be  recorded.  Such  a  series  has  been 
desirable  for  comparison  with  the  results  of  tidal  observations  on  the  l*acific  coast  of  the  United 
States.  The  apparatus  and  registers  will  be  returned  to  the  Coast  Survey  Office  when  a  satisfactory 
set  of  observations  is  secured. 

COAST  SURVEY  OFFICE. 

Assistant  J.  E.  Hilgard  has  continued  in  charge  of  the  Coast  Survey  Office.  In  the  details  of 
executive  duty  he  has  been  aided  by  Assistant  Edward  Goodfellovv. 

The  following  abstracts  from  the  reports  of  the  several  divisions  show  the  organization  of  the 
office  and  the  progress  made  diuing  the  year: 

Hydrographw  IXviJtian. — The  duties  of  hydrographic  ins])ector  have  been  performed  by  Com¬ 
mander  Edward  P.  Lull,  U.  S.  N. 

In  administrative  details,  Commander  Lidl  has  had  the  aid  of  Lieut.  H.  E.  Nichols,  U.  S.  N., 
and  of  Acting  Master  Robert  Platt,  tlie  first-named  officer  ha\dng  served  from  July  1  to  December 
IT,  1875,  and  again  fiom  June  15,  1876,  till  the  date  of  this  rejwrt ;  the  last-named,  from  July  1, 1875, 
to  June  7,  1876. 

Under  the  directiou  of  Commander  Lull,  Mr.  E.  Willenbucher,  hydrographic  draughtsman,  has 
plotted,  protracted,  or  drawn  eighteen  original  hydrograi)hic  sheets,  made  nine  projections  for  field- 
parties,  and  executed  also  a  large  amount  of  miscellaneous  work,  consisting  in  part  of  tracings, 
reductions,  plotting  of  positions  of  buoys,  beacons,  &c. 

Mr.  Julius  Spraudel,  hydrograxffiic  draughtsman,  has  plotted  nineteen  original  hytlrograi)hic 
sheets,  made  foiu*  projections,  verified  ten  original  sheets,  and  made  such  miscellaneous  examina¬ 
tions  and  reductions  as  have  from  time  to  time  been  required. 

Mr.  W.  C.  Willenbucher,  hydrographic  draughtsman,  has  plotted  or  drawn  sixteen  original 
hydrographic  sheets,  made  five  projections,  and  attended  to  various  reductions,  tracings,  and  progress 
sketches. 

Tidal  Division. — In  this  di\ision,  under  the  direction  of  Mr.  R.  S.  Avery,  observations  made  at 
eight  tidal  stations  on  the  Atlantic  coast  and  at  four  on  the  Pacific  coast  were  carefully  discussed; 
also,  those  made  at  a  station  in  Saint  Thomas,  West  Indies,  and  at  oii^  in  Honolulu,  Sandwich 
Islands. 

At  the  permanent  tidal  stations,  the  aim  has  been  to  secure  periods  of  observations  Tvithout 
interruption,  so  as  to  get  datir  for  a  thorough  discussion  of  all  influences  affecting  the  tidal  wav  e. 
Various  expetlients  hav^e  been  resorted  to  at  some  of  the  northern  stations  to  prev  ent  the  stopping 
of  the  gauges  by  the  freezing  of  the  water  in  the  float-tubes. 

At  North  Haven,  Me.,  and  at  Boston,  Mass.,  heating  apparatus  has  been  introduced  into  the 
tide  houses.  At  Governor’s  Island,  N.  Y.,  and  Sandy  Hook,  N.  J.,  a  continuous  a<*tion  of  the  gauge 
has  been  obtained  by  pouring  hot  water  into  the  float-tubes  in  severe  weather. 

Balancre- wheel  clocks  have  been  substituted  for  pendulum-clocks  as  less  likely  to  be  stopped  by 
the  vibration  of  the  wharves  on  which  the  gauges  are  usually  jdaced.  Experiments  with  vvTought- 
irou  enameled  tubes  are  now  in  progress  to  test  their  diu-ability  as  float-tubes  for  tidal  stations. 
These  are  of  American  manufacture. 

The  imported  staff-gauges,  mmle  of  sheet-iron  cov^ered  with  porcelain  enamel,  hav^e  i>roved  to 
be  very  durable,  some  of  them  having  withstood  for  seven  years  the  corroding  action  of  salt-water. 

The  appended  table  gives  a  condensed  statement  of  the  tidal  observations,  not  before  reported, 
reeeiv’ed  at  the  office  from  the  principal  stations.  In  connection  with  the  sev'cral  hydi’ographic  siu*- 
veys,  tidal  observations  are  also  made  which  furnish  data  for  charts  after  being  reduced  at  the 
office. 

The  oflfice-reductions  of  the  observations  are  made  at  the  earliest  i>eriod  i>racticable,  so  that 
the  results  may'  serv^e  as  a  basis  for  the  preparation  of  tide-tables,  and  for  predicting  the  times  and 
heights  of  high  and  low  water  at  the  principal  seaports  on  the  Atlantic  and  Paciflit  coasts. 

These  tables  for  1877  are  now  in  the  hands  of  the  Government  Printer,  and  will  be  i)ubli8hed 
early  in  July^  of  the  present  year. 

In  the  offii^-work  of  this  division,  under  the  immediate  direction  of  Mr.  Avery,  have  been 
employed  Mr.  John  Downes,  Mr.  L.  P.  Shidy,  Mr.  F.  H.  Parsons,  and  Miss  M.  Thomas. 
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Mr.  Avery  inspected  all  tidal  observations  when  received,  attended  to  the  coiTesi>ondence  with 
observ^ers  and  others  about  tides,  arranged  and  8upei’\ised  the  office-work  resj^ecting  tides  and 
tide-gauges,  made  original  investigations,  and  studied  improvements. 

Mr.  Downes  was  occupied  chiefly  with  the  tabulations,  reductions,  and  predictions  for  tides  on 
the  eastern  coast. 

Mr.  Shidy  was  employed  in  the  reduction,  predictions,  and  discussions  for  the  tidal  stations  at 
San  Diego,  Ihuliuk,  North  Haven,  and  Saint  Thomas ;  Mr.  Parsons  has  assisted  in  miscellaneous 
computations  j  Miss  Thomas,  in  addition  to  her  duties  in  charge  of  the  library,  has  added  hourly 
reatlings  in  suitable  groups  for  tbscussion,  and  aided  in  the  general  work  of  the  division. 


Section. 


I 

I 

I 

II 

II 

II 

in 

vm 

X 

XI 

XI 


Name  of  atation. 


North  Haven,  Me . 

Boaton  navy-yanl . 

Providence,  R.  I . 

Govemor’a  laland,  N.  T . 

Brooklyn,  N.  Y . 

Sandy  Hook,  N.  J . . . 

Fori  Monroe,  Va . . 

New  Orleans,  La . 

Saint  Thomaa,  West  Indies  . . 

Fort  Poiiit,  Cal . 

Aatoria,  Oreg . 

Port  Townahend,  W.  T . 

Honoluln,  Sandwich  Islands  . 


Name  of  obat'rver. 


J.  G.  Spaulding . 

H.  Howland . 

II.  H.  Brown  and  R.  M.  Wootl . 

R.  T.  Baaaett . 

. do . 

J.  W.  Banford . 

W.  J.  BodeU . 

G.  Faiiat . 


L.  Wilson . 

L.  Neaael . 

W.  D.  Alexander . 


Kind  of 
gauge. 

Permauent  or 
t^raporaiy. 

S.  R  . . . . 

Permanent. . . . 

S.  R _ 

S.  R  . . . . 

- do . 

S.  R _ 

Box . 

_ _ do . 

S.  R _ 

' _ do . 

S.  R _ 

_ do . 

Staflf.... 

1 

1  Temporarj'  . . . 

j  S.  R  - . . . 

I... do . 

8.  R _ 

1  Permanent. . . . 

S.  R _ 

1 . , . .do . 

S.  R _ 

_ _ do . 

S.  R  .  - . . 

1  Temjwrary  . . . 

Time  of  occupation. 


From — 


Apr.  29, 
June  1, 
June  10. 
May  30, 
May  30, 
Oct.  21, 
June  1, 
June  30, 
May  8, 
June  1, 
May  1, 
May  1, 
Aug.  1, 


To— 


Total 

days. 


1875  I  Apr.  25, 
1875  j  June  1, 
1872  Dec.  31. 
May  31, 
Dec.  31, 
June  1, 
June  1, 
June  30, 
Nov.  9. 
June  1, 
1875  ,  May  1, 
1875  I  May  1, 
1872  Nov.  12, 


1875 

1875 

1875 

1875 

1874 

1875 
1875 


1876 

1876 

1875 

1876 

1875 

1876 
1876 
1876 

1875 

1876 
1876 
1876 
1872 


362 

366 
1,299 

367 
215 
224 
366 
731 
186 
366 
366 
366 
104 


Computing  Divmon. — Assistant  Charles  A.  Schott  has  remained  in  charge  of  this  division.  Its 
general  organization  has  not  been  changed,  but  it  was  found  desirable  in  certain  coininitations  to 
combine  the  sexiond  or  office  computation  with  the  revision  of  the  fleld  and  office  work,  a  duty  which 
was  formerly  assigned  to  a  third  computer.  The  continued  decrease  in  the  number  of  comi>uters 
made  the  new  anangement  necessary. 

Respecting  the  per8on7i€l  of  this  division,  Assistant  Werner’s  healtli  continued  so  feeble  that  he 
cOuM  perform  but  a  very  limited  amount  of  work.  Prof.  R.  Keith  resigned  in  January,  1875,  but 
the  astronomical  computations  were  advanced  through  the  employment  of  Dr.  C.  Powalky,  who, 
however,  was  compelled  to  resign  on  account  of  ill  health  after  performing  one  month’s  services. 
We  lost,  by  death,  the  services  of  Mr.  F.  Hudson  in  Axiril,  187fl,  leaving  at  present  one  astronomical 
computer  for  all  that  class  of  work.  Mr.  J.  H.  Lane,  who  attended  to  geodetic  computations,  was 
returned  to  the  Weights  and  Measures  Office,  after  girfng  two  months’  work  to  the  Computuig  Divis¬ 
ion.  The  temporary  services  of  Mr.  J.  Lyons  were  secured  in  October,  1875,  and  retained  to  the 
close  of  the  flscal  year.  Mr.  W.  E.  Doyle  attemled  to  the  clencal  duties  for  about  a  month  and  a 
half  during  the  teni]K)rary  absence  of  Mr.  H.  H.  (lerdes.  Mr.  F.  C.  Doiin,  Mr.  J.  B.  Baylor,  and 
Subassistant  B.  A.  Colonua  were  each  employed  for  a  short  iieriod.  It  will  be  noticed  in  rea^ling 
the  detailed  account  of  work  done  by  eiuffi  computer,  herewith  appended,  that  the  present  comput¬ 
ing  force  is  just  about  able  to  keep  up  the  current  work,  and  that  very  little  could  be  done  in  bring¬ 
ing  up  the  older  work  to  tlie  standard  of  the  modern  work.  A  gTeat  deal  of  labor  MiU  yet  have  to 
be  performed  to  adjust,  by  suitable  methods,  the  secondary  and  tertiary  triangulations  to  fit  to  the 
primary  in  all  those  parts  of  the  survey  where  the  latter  is  essentially  completed. 

The  duties  of  the  chief  of  the  dirfsion,  in  general,  consist  in  distributing,  directing,  and  super¬ 
vising  all  computing  work ;  in  discussing  and  reporfing  residts  reached ;  in  attending  to  the  corre¬ 
spondence  and  to  special  investigations.  Among  numerous  reimrts  submitted  by  Assistant  Schott, 
the  following  papers  may  be  specially  mentioned  :  The  Polycoidc  Projection,  its  relative  value  com¬ 
pared  with  other  projections,  illustrated  with  4  plates  containing  thirty  diagrams ;  Observ  ations  of 
Atmospheric  Refraction,  confribution  No.  11,  contaiiung  comparisons  of  heights  by  spirit-level,  by  the 
barometer,  and  the  theodolite,  and  an  exposition  of  the  diurnal  yariation  of  the  refraction  5  Adjust- 
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ment  of  part  of  primary  triangiilation  in  vicinity  of  Atlanta,  Ga. ;  on  Atmospheric  Refraction  and 
Adjustment  of  Hypsometric  Measures,  contribution  No.  III.  He  also  made  the  usual  annual  determ¬ 
ination  of  the  ma^ietic  declination,  dip,  and  intensity  at  the  obser\mtory  on  Capitol  Hill. 

The  work  in  detail,  done  during  the  fiscal  year  1875-’76,  by  each  computer,  may  be  summarized 
as  follows : 

Assistant  Theodore  W.  Werner  computed  the  tertiary  triangulations  of  Thames  River,  Conn., 
1874;  part  of  Taunton  River,  Mass.,  1874;  part  of  the  junction  of  the  San  Joaquin  and  Sacramento 
Rivers,  Cal.,  1867  ;  of  the  Hudson  River  near  New  York,  1875,  and  of  the  Great  South  Bay,  Long 
Island,  N.  Y.,  1874.  The  computation  of  the  tertiary  triangulation  of  the  Dry  Tortugas,  Fla.,  1875, 
he  could  not  complete  for  want  of  health. 

Mr.  James  Main  computed  and  reused  the  times  and  astronomical  azimuths  at  stations :  Dry 
Tortugas,  Fla.,  1875;  Santa  Barbara,  Cal.,  1869;  Lavender,  Ga.,  1874;  San  Buenaventura,  Cal., 
1869;  Middle  Base,  Atlanta,  Ga.,  1873;  Suwanee,  Ga.,  1873;  Currahee,  Ga.,  1874;  Dominguez,  Cal., 
1870;  New  San  Miguel,  Cal.,  1873;  Santa  Cruz  West,  Cal.,  1874;  Maryland  Heights,  Md.,  1870; 
Clark  Mountain,  Va.,  1871 ;  Bull  Run,  Va.,  1871 ;  Sand  Island,  N.  C.,  1876 ;  Last  Island,  La.,  1868 ; 
Bluff,  Fla.,  1876;  Rouse’s  Point,  N.  Y.,  1874;  Cheever,  N.  Y.,  1874;  Quarry  Bluff  and  Ea^st  Base, 
Wis.,  1875.  He  re\ised  the  astronomical  latitudes  of  stations:  Dominguez,  Cal.,  1870;  San  Buen, 
aventura.  Cal.,  1870;  New  San  Miguel,  Cal.,  1873;  Mary  land  Heights,  Md.,  1870;  Bull  Run,  Va., 
1871 ;  Clark  Mountain,  Va.,  1871 ;  Sitka,  Koh-Klux,  Fort  Wrangel,  Alaska,  1869;  Victoria,  British 
Columbia,  1869 ;  Whangaroa,  Chatham  Islands,  Southr  Pacific,  1874;  Fort  Livingston  and  Isle 
Demiere,  La.,  1853.  He  also  computed  the  telegraphic  difference  of  longitude  between  New 
Orleans  and  Galveston,  Tex.,  1868 ;  prepared  mean  places  of  stars  for  field-parties  and  computed 
the  magnetic  obseiwations  made  at  Chatham  Islands,  1874. 

Dr.  Gottlieb  Rumpf  computed  the  following  triangulatious :  Gf  New  Orleans,  La.,  1874 ;  above 
New  Orleans,  La.,  1875 ;  South  Pass,  La.,  1875 ;  south  of  entrance  of  Coliunbia  River,  Oreg.,  1874 ; 
Duwamish  Bay,  W.  T.,  1874;  Taunton  River,  Mass.,  1874;  the  junction  of  San  Joaquin  and  Sac¬ 
ramento  Rivers,  Cal.,  1867 ;  Santa  Catalina  Island,  Cal.,  1875-’76.  He  prepared  abstracts  of  angles 
at  stations  Santa  Cruz  West,  Cal.,  1874;  at  stations  of  the  survey  of  Wisconsin,  1875;  computed 
geodetic  latitudes  and  longitudes  of  points  in  Shoalwater  Bay,  W.  T.,  1871-’72-’73 ;  ai^usted  by 
least  squares  the  old  and  new  triangulations  of  the  Mississippi  delta,  La.,  1857-’58-’59-’60-’66-’75 ; 
of  Thames  River,  Conn.,  1869  and  1874 ;  and  made  satisfactory  progress  with  the  adjustment  of  the 
old  triangnlation  on  eastern  part  of  Long  Island  Sound.  He  also  prepared  the  annual  statistics 
and  data  needed  by  field-parties. 

Mr.  Edward  H.  Courtenay  computed  the  least  square  adjustments  of  the  primary  and  secondary 
triangulatious  of  Pamplico  Sound,  N.  C.,  1869  to  1875 ;  and  of  the  west  end  of  Albemarle  Sound, 
N.  0.,  1847-’48;  inseiied  the  geodetic  results  of  all  triangulations  finally  revised  in  the  new  geogra¬ 
phical  registers,  arranged  according  to  States;  revised  vertical  angles  at  Ragged,  1874;  revised 
measures  of  zenith-distances  and  of  micrometric  differences  of  heights  of  primary  and  secondary 
stations,  between  the  Kent  Island  Base,  Md.,  and  Harper’s  Ferry,  Va.,  1846  to  1871 ;  and  attended 
to  some  miscellaneous  geodetic  computations. 

Mr.  Myrick  H.  Doolittle  made  least  square  adjustment  of  observ^ed  directions  at  primary  stations : 
Keiiesaw,  Ga.,  1873;  Rabun,  Ga.,  1875;  Spear,  Va.,  1875;  Humpback,  Va.,  1875;  Blood,  Ga.,  1875; 
New  San  Miguel,  Cal.,  1873;  Santa  Barbara,  Cal.,  1862-’63-’69-’70-’74.  He  also  computed  the 
supplementary  triangidation  of  Delaware  Bay,  1875 ;  computed  heights  by  spirit-level,  coast  of 
Maine,  1874;  prepared  abstracts  of  vertical  angles  at  stations  Mount  Marshall,  Va.,  1874,  and 
Fork,  Va.,  1874 ;  computed  i>o8ition8  of  secondary  objects  of  the  triaugulation  in  the  vicinity  of 
Atlanta  Base,  Ga.,  also  between  Harper’s  Ferry  and  Lynchburg,  Va. ;  and  of  primary  objects 
between  Suwanee  and  Rabun,  Ga.,  and  between  Haii)er’s  Ferry  and  Lynchburg,  Va.,  1870  to  1875. 
He  also  solved  25  normal  equations  of  the  primary  triangulation  of  Pamplico  Sound,  N.  C. ;  21  nor¬ 
mal  equations  of  subordinate  primary  triangulation  in  same  locality ;  29  nonqal  equations  of  the 
primary  triangtdation  in  the  vicinity  of  the  Atlanta  Base,  Ga. ;  and  18  normal  equations  for  heights, 
same  vicinity,  and  performed  some  miscellaneous  geodetic  computations. 

Dr.  Charles  Powalky  after  completing  the  first  computation  for  latitude  of  station  New  San 
Miguel,  Cal.,  1873,  resigned  on  account  of  ill  health,  July  31,  1875. 
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Mr.  J.  Homer  Lane. — After  eonipletin^^  the  least  square  abstraet  of  directions,  station  Snwanee, 
Ga.,  1873,  and  commencing  the  abstaud  for  station  New  San  Miguel,  Cal.,  1873,  Mr.  Lane’s  labors 
for  the  Computing  Division  cease<l  with  August  23,  1875.  Between  this  date  and  September  30, 

1875,  when  he  was  assigned  to  the  Weights  and  Mejisures  Office,  he  was  engaged  under  the  direc¬ 
tion  of  the  assistant  in  charge  of  the  office. 

Mr.  Frank  Hudson  computed  time  and  astronomical  azimuth  at  the  following  stations:  Ciir- 
rahee,  Ga.,  1874 ;  Lavender,  Ga.,  1874 ;  Middle  Base,  Atlanta,  Ga.,  1873 ;  Santa  Barbara,  Cal.,  1869; 
Santa  Buenaventura,  Cal.,  18G9;  Dominguez,  Cal.,  1870;  New  San  Miguel,  Cal.,  1873;  Santa  Cruz 
West,  Cal.,  1873;  Maryland  Heights,  Md.,  1870;  Clark,  Va.,  1871;  Bull  Bun,  Va.,  1871;  and 
Sand  Island,  N.  C.,  1876.  Mr. Hudson  died  suddenly  Ai)ril  10,  1876. 

Mr.  Joseph  Lyons,  temjiorarily  attached  to  the  Computing  Di^ision,  October  22,  1875,  was 
engaged  in  collating  means  of  angles  in  original  and  duplicate  records  and  of  reductions  in  primary 
triangulations  of  Northern  Georgia  and  of  Santa  Barbara  (ffiannel,  Cal.;  attended  to  the  clerical 
duties  of  the  Computing  Division  between  November  27,  1875,  and  December  24,  1875 ;  revised 
abstracts  of  vertical  measures,  both  of  zenith-distances  and  of  micrometric  differences,  of  primary 
stations  in  Northern  Georgia  and  along  the  Blue  Ridge  in  Virginia.  He  also  assisted  Mr.  Doobttle 
in  the  solution  of  normal  equations  and  prepared  the  abstiact  of  horizontal  directions  at  priniarj’ 
stations  Tobacco  Row,  Va.,  1875,  and  Long  Mountaui,  Va.,  1875.  He  also  attended  to  miscellane¬ 
ous  computations. 

Mr.  Herman  H.  Genies  attended  to  the  clerical  duties  of  the  Conqmting  Division,  consisting 
chiefly  in  furnishing  copies  of  recortls  and  computations  to  fleld-parties,  and  in  keeping  up  the 
geographical  registers  of  the  office;  was  on  leave  of  absence  between  November  27,  1875,  aud/Feb- 
ruaiy  8,  1876. 

Mr.  W.  E.  Doyle  discharged  the  duties  of  clerk  to  the  Computing  Division  between  December 
24,  1875,  and  February  8,  1876,  when  he  resigned. 

Mr.  F.  C.  Doim  received  instructions  in  computing  between  February’  18,  1876,  and  March  14, 

1876. 

Mr.  J.  B.  Baylor  reported  for  duty  as  computer  May  3,  1876;  he  was  engaged  under  Mr. 
Courtenay’s  direction  in  making  abstracts  of  angles  of  certain  river-triangidation  near  Albemarle 
Sound,  N.  C.,  and  he  was  ortlered  on  fleld-duty  June  17,  1876. 

Subassistant  B.  A.  Coloima  was  temimrarily  assigned  to  the  Computing  Di\ision,  and  l)etween 
June  16, 1876,  and  the  close  of  the  fiscal  year  was  engaged  on  the  abstract  of  angles  of  the  triangu¬ 
lation  of  Pamplico  River  and  of  the  triangulation  of  the  State  of  New  Hampshire,  1874r-’75. 

J)rawin{f  Division, — This  division  has  continued  under  the  general  supervision  of  Mr.  W.  T. 
Bright.  Seven  persons  have  been  regularly  employed  throughout  the  year,  briefly  as  follows: 
(see  also  Ax)pendix  No.  4). 

Mr.  A.  Liudenkohl  has  brought  up  to  date  the  more  imimrtant  finished  charts  of  the  coast, 
upon  various  scales,  consisting  of  hydrography  and  topography,  and  constructed  projections  uimn 
all  the  copper  plates  for  new  charts  <;ommenced  by  the  Engraving  Division,  and  has  with  a  great 
deal  of  care  and  patience  adjusted  and  draAvn  the  usual  annual  additions  to  the  progress-sketches 
to  accompany  the  reports  to  Congress ;  has  made  projections  for  use  in  the  field,  and  constructed 
numerous  diagrams  and  miscellaneous  maps  and  charts.  Mr.  H.  Liudenkohl  has  been  employed 
upon  the  topogra])hy  and  hydrography  of  all  chisses  of  coast  and  harbor  charts,  field-iirojections, 
and  diagrams,  and  has  given  a  great  jmrtion  of  his  time  to  the  drawing  of  charts  for  issue  by  the 
photolithographic  process,  of  which  this  division  has,  during  the  past  year,  completed  twelve,  or 
an  average  of  one  a  month.  Mr.  L.  Karcher  has  also  been  enq^loyed  upon  i)hotolithographic  charts, 
tracings,  diagrams,  and  largely  upon  field-projections,  one  hundred  and  three  having  been  con¬ 
structed  and  sent  from  the  division. 

Mr.  P.  Erichsen  hits  continued  ui>on  diagrams,  tracings,  projwtions,  and  drawing  the  topo¬ 
graphical  details  upon  diy  paper  imx)ressions  containing  x)antographic  outbnes,  as  also  upon  pho¬ 
tographic  i)rints  for  the  coast-charts.  Mr.  C.  Juiiken  has  been  engaged  mostly  upon  hydro- 
graphic  reduction  for  coast  and  harbor  charts,  field -projections,  8UX)plying  the  aids  to  navigation, 
and  occasionally  x)erforming  special  field-duties.  Mi-.  C.  A.  Meuth  has  continued  to  make  titles 
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for  and  execute  all  the  general  lettering  upon  the  plane-table  sheets  which  are  now  turned  into  the 
office  with  such,  lettering  in  pencil ;  has  traced  for  photograpliing  for  the  finished  coast-charts  on 
the  coast  of  Maine,  three  sheets  being  all  that  were  available  during  the  year.  He  also  iniwle  trac¬ 
ings  and  did  other  niiscellaneons  work.  Mr.  H.  Eicholtz  has  been  employed  in  adding  corrections 
and  coloring  buoys  and  light  houses  upon  the  chart-room  editions. 

The  following  persons  were  attached  to  the  division  during  i)ortions  of  the  year: 

Mr.  M.  Angles  was  engaged  up  to  the  1st  of  May,  when  he  quit  the  office,  upon  the  lettering 
of  photolithographic  charts,  lettering  of  plane-table  sheets,  and  misc^ellaneous  duties.  Mr.  Hull 
Adains  was  assigned  to  duty  in  the  division  on  the  22d  of  May,  and  made  copies  of  field-sketches, 
ilr.  George  A.  Morrison  has  peifonned  the  clerical  duties  of  the  division  since  December,  occasion¬ 
ally  doing  other  work  in  copying  progress-sketches. 

Mr.  Arthur  Schott,  who  had  previously  been  attached  to  the*  di\dsion,  died  July  20,  1875.  In 
addition  to  the  tabular  statement  of  work  done  by  the  several  draughtsmen  as  given  in  Apx>endix 
No.  4,  and  the  list  of  information  fimiished  in  rejfiy  to  s]>ecial  (*all  (Ax)pendix  No.  3),  the  following 


results  of  the  division  are  also  given : 

Projections  made  for  the  use  of  the  topographical  and  hydrographical  parties .  103 

Projects  for  new  charts  prepared . . .  28 

Projections  on  copper  for  engraved  charts .  10 

Photolithograxffiic  charts  comj)leted .  12 

Tracings  of  field-sketches  for  files  of  the  office .  122 

Diagrams  constructed . 38 

TojHJgraphical  sheets  (hawii  for  photolithograxdiic  reduction .  3 

Infonnation  fimiished  in  form  of  tracings,  &c.,  in  reply  to  special  call .  58 


Enffraring  Division. — ^The  charge  of  this  di\ision  from  the  beginning  of  the  fiscal  year  up  to 
the  29th  of  March  was  with  Assistant  E.  Hergesheimer,  who  for  many  years  ha4l  so  acceptably  per- 
fomiHl  this  duty.  Impaired  health  of  some  months’ duration  resulted  about  that  time  in  serious 
illness,  so  that  Mr.  Hergesheimer  was  comxielled  to  retire  from  active  service,  and  was  succeeded  by 
Assistant  J.  S.  Bradford,  who  has  since  remained  in  charge.  The  titles  of  the  engraved  xJates  com¬ 
pleted,  continued,  or  begun  dining  the  year  are  given  in  Appendix  No.  5. 

Messrs.  J.  Euthoffer,  H.  C.  Evans,  A.  Sengteller,  W.  A.  Thompson,  A.  M.  Maedel,  and  R.  F. 
Bartle  have  continued  work  as  toxiograxihical  engravers. 

Messrs.  E.  A.  Maedel,  F.  Courtenay,  and  A.  Petersen  have  l>een  employed  as  letter  engravers, 
and  Messrs.  H.  M.  Knight,  W.  H.  Knight,  J.  G.  Thompson,  John  J.  Young,  E.  H.  Sipe,  and  W.  H. 
Davis  as  miscellaneous  engravers.  Mr.  E.  Molkow  has  continued  the  use  of  the  pantograjih. 

Tlie  clerical  duties  of  the  division  have  been  performed  by  Mr.  L.  C.  Kerr  in  a  most  satisfac- 
torj’  manner,  notwithstanding  that  during  the  last  three  months  of  the  year  they  have  been  espe¬ 
cially  onerous. 

In  the  death  of  Mr.  W.  H.  Knight,  which  occurred  on  the  1st  of  June,  the  office  has  sustained 
a  severe  loss.  He  was  one  of  our  most  valuable  engravers. 

Electrotyping  Division. — Dr.  Anton  Zumbrock,  in  charge  of  this  division,  reports  36  altos  and  39 
imssos  or  printing  plates  as  the  number  made  during  the  year.  In  all,  75  plates,  weighing  1,626 
pounds,  and  having  a  surface  of  66,324  square  inches. 

The  pliotographic  reductions  fr’om  original  sheets  and  drawings  for  the  use  of  the  engravers 
have  been  mmle  with  the  aid  of  a  new  and  improved  camera-stand  which  replaced  one  destroyed 
by  the  storm-  in  Febniary.  Five  positives,  ten  negatives,  and  thirty  prints  are  reported.  A  new 
vertical  electrotyping- vat,  lined  with  lead,  has  been  set  up,  the  old  one  being  leaky. 

All  of  the  silver  solutions,  varnish,  collodion,  and  other  chemical  preparations  used  in  the  lab¬ 
oratory  were  made  by  Dr.  Zumbrock.  He  was  aided  by  Frank  Over. 

Division  of  Charts  and  Instruments. — The  labors  of  this  division  have  been  directeil  as  hereto¬ 
fore  by  Mr.  •John  T.  Hoover.  He  has  the  immediate  siqiervision  of  the  printing  and  distribution  of 
charts,  of  the  distribution  of  the  amiiial  rexiorts,  and  of  the  dispatch  of  instruments  for  field-par- 
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ties.  He  has  also  made  the  disbiirsments  for  office-expenditures  under  the  immediate  direction  of 
the  assistant  in  charge  of  office. 

The  registering  and  filing  of  the  original  ma])s,  charts,  and  records  of  field-work  has  been  con¬ 
tinued  with  Mr.  G.  A.  Stewart. 

Diuing  the  year,  13,235  coi)ie8  of  charts  and  sketches  have  been  ])rinte<l.  The  ]>res8e8  have 
been  worked  by  Mr.  Frank  Moore  and  Mr.  I).  A.  Hoover. 

The  work  of  backing  with  muslin  the  sheets  required  for  office  and  field  parties,  and  the  mis¬ 
cellaneous  duties  of  the  folding-room,  were  attended  to  by  Mr.  H.  Nissen. 

There  has  l)een  issued  during  the  year,  from  the  chart-room,  under  the  immediate  charge  of 
Mr.  T.  McDonnell,  an  aggi*egate  of  12,624  cojues  of  charts.  One  thousand  and  forty-eight  copies 
of  the  annual  reports  of  various  years  have  been  distributetl. 

The  work  of  construction  and  repair  of  instruments  has  been  done  under  the  8Ul>er^ision  of 
Mr.  John  Clark  and  Mr.  G.  N.  Saegmiiller,  assisted  by  J.  Foller,  W.  Jacobi,  Werner  Suess,  and  E. 
Eshleman. 

All  cari)enter-work  required  in  and  about  the  office,  including  the  wooil-work  of  instruments 
and  their  i)acking  for  tniusportation,  has  been  done  by  Mr.  A.  Yeatman,  assisted  by  F.  E.  Lackey 
and  James  Hess. 

Clerical  force, — Mr.  C.  H.  Fitch  has  performed  the  clerical  duties  in  the  office  of  the  assistant- 
in-charge  ;  Mr.  G.  A.  Morrison  those  in  the  Drawing  Division  during  the  latter  part  of  the  year.  In 
the  office  of  the  disbiusing  agent,  Mr.  li.  L.  Hawkms  has  continued  as  i)rincipal  accountant  and 
book-keeper,  with  Messrs.  W.  A.  Herbei*t  and  W.  L.  Flenner  as  clerks. 

Contingencies  that  may  arise  in  the  operations  of  a  nmnber  of  parties  and  vessels  widely  dis¬ 
tributed  along  the  coast,  add  much  to  the  measure  of  watchfulness  needful  in  adjusting  exi)endi- 
tiu-es  for  pui*pose8  the  limits  of  which  can  be  readily  foreseen.  In  the  personal  8ui)ervi8ion  of  all 
items  of  expenditure  incurred  in  the  course  of  the  year,  I  have  been  aided  by  Samuel  Hein,  esq., 
the  disbiu-sing  agent  of  the  survey.  Assistant  W.  W.  Cooi)er  has  rendered,  as  heretofore,  accept¬ 
able  service  in  details  under  my  inunediate  direction. 

Respectfidly  submitted. 

C.  P.  PATTERSON, 
Superinte)ide}it  United  States  Coast  Svrvey. 

Hon.  Lot.  M.  Morrill, 

Secretary  of  the  Treasury, 
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APPENDIX  No.  1 


DistrilmHon  of  sv/rveying-parties  upon  the  Atlantic^  Oulfj  and  Pacific  coasts  of  the  United  States 

during  the  surveying-seasons  of  1875-’76. 


Coaat-Bectloiis. 

Parties. 

Operations. 

Persons  conducting  operations. 

Localities  of  work. 

SBcnoK  X. 

AUuitio  coast  of  SXaine, 

No.  1 

Hydrography . 

Lieut  Conunander  C.  D.  Sigsbee, 

Lines  of  deep-sea  soundings  between  the  coast  of 

New  Hampsliire,  Idas- 
wchnaetts,  and  Xthode 
Idand,  indadin^  sea* 
ports,  bays,  and  rivers. 

2 

Triangnlatioii  and 

U.  S.  N.,  assistant;  Lients.  J. 
E.  Pillsbnry  and  W.  0.  Sharrer, 
U.  S.  N.;  Masters  E.  G.  Peck 
and  U.  F.  Wright  TJ.  S.  N.;  En¬ 
sign  W.  E.  Sewell,  TJ.  S.  N. 

J.  W.  Donn,  assistant ;  F.C.  Donn 

Maine  and  George's  Bank,  and  development  of 
a  rock  in  the  vicinity  of  Jeffi^y's  Ledge.  (See 
also  Section  VHI.) 

Topographical  survey  of  islands  near  the  coast 

3 

topography. 

Topography . 

and  F.  H.  Paraons,  aids. 

W.  H.  Dennis,  assistant;  H.  W. 

of  Maine  and  between  Isle  an  Hant  and  Mount 
Desert.  (See  also  Sections  n  and  HI.) 
Detailed  plane-table  survey  of  the  western  shore 

4 

Hydrography . 

Baohe,  snbasaistant ;  S.  N.  Og¬ 
den,  aid. 

Lieut  J.  M.  Hawley,  D.  S.  N., 

of  Blue  Hill  Bay,  Mo.  (See  also  Section  V.) 

Soundings  along  the  western  side  of  Deer  Isle, 

5 

Topography . 

assistant ;  Master  G.  L.  Hanna, 
U.  a  N. ;  Ensign  J.  M.  Wight 
Hull  Adams,  assistant;  W.E.  Mo- 

coast  of  Maine,  completing  the  hydrography  of 
Isle  an  Haut  Bay.  (See  also  Section  VI.) 
Topographical  survey  of  Northern  Bay,  near 

6 

Topography . 

Clintock,  aid. 

A.  W.  Longfellow,  assistant;  W. 

Castine,  Me.,  including  the  head  of  Bagaduoe 
River. 

Plane-table  survey  of  the  east  and  west  shores  of 

7 

Tidal  observationa 

C.  Hodgkins,  aid. 

J.  G.  Spaulding . 

Penobscot  River,  Me.,  fhmi  Bucksport  upward 
to  Crosby’s  Narrows. 

Series  of  observations  with  self-registering  tide- 

1 

8 

CJoast  Pilot . 

J.  a  Bradford,  assistant;  Lieut 

gauge  continued  at  North  Haven,  in  Penobscot 
Bay,  Mo. 

Revision  of  sailing-directions  for  the  Atlantic 

9 

Astronomloal  ob- 

C.  A.  Bradbury,  TJ.  S.  N. ;  John 
R.  Barker. 

F.  W.  Perkins,  assistont . 

Coast  Pilot,  and  views  for  charts  of  parts  of 
the  coast  between  Eastport  and  Penobscot  en¬ 
trance,  coast  of  Maine.  (See  also  Sections  n 
and  VI.) 

Special  observations  at  Ragged  Mountain,  near 

10 

11 

12 

serrations. 

Triangnlation . 

Hydrography . 

Tidal  observations 

Prof.  E.  T.  Quimby . 

F.  F.  Nes,  assistant . 

H.  Howland . 

Camden,  Me.,  foi^  determining  the  coefficient 
of  refraction.  (See  also  Sections  III  and  Vn.) 

Triangnlation  in  New  Hampshire  continued  by 
angular  measurements  at  Croydon  Mountain 
and  Bald  Ledge. 

Supplementary  soundings  in  the  vicinity  of 
Fletcher’S  Neck  ahd  off  Old  Orchard  Beach  and 
Saoo  River  entrantce,  coast  of  Maine.  (See  also 
Section  n.)  ' 

Tidal  observations  Continued  at  the  Charlestown 

13 

Triangnlation . 

F.  H.  Gerdes,  assistant ;  C.  H.  Sin¬ 

navy-yard  (Boston),  with  self-registering  tide 
gauge. 

Life-saving  stations' along  the  coast  of  New  Eng¬ 

14 

Hydrography . 

clair,  aid. 

F.  F.  Nes,  assistant . 

land  determined  in  position  by  angular  meas¬ 
urements,  and  marked  on  the  original  topo¬ 
graphical  sheets. 

Snpplementmy  soundings’  in  the  vicinity  of  Dux- 
bury  Pier  Light,  ^Plymouth  Harbor,  and  also 
near  Manomet  I^int,  Mass.  (See  also  Sec¬ 
tion  n.) 
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CoaAtrseotions. 

Parties. 

Operations. 

Persons  conducting  operations. 

Lucidities  of  work. 

Sbctiom  I— Contmned. 

No.  15 

Special . 

H.  Mitchell,  assistant . 

Research  in  regard  to  the  deposit  of  material  in 
Plymouth  Harbor.  (See  also  Sections  n,  m, 
and  yIlL) 

1  16 

Hydrography . 

Lieut.  Commander  J.  C.  Kennett, 
17.  S.  N.,  assistant ;  Acting  En¬ 
sign  George  Glass,  17.  S.  N. 

Hydrography  of  the  eastern  approach  to  Nan¬ 
tucket  Sound,  and  also  near  Monomoy  Point, 
Mass.  (See  also  Section  YI.) 

17 

Hydrography . 

Lieut.  R.  D.  Hitchcock,  U.  8.  N., 
assistant;  Lieut.  James  Frank¬ 
lin,  n.  S.  N.;  Masters  John  Hub¬ 
bard,  H.  C.  T.  Nye,  and  J.  L. 
Hunsicker,  U.  S.  N. 

Hydrography  including  the  southern  part  of  the 
Handkerchief  Shoal,  Vineyard  Sound,  Maas. 
(See  also  Section  YEL) 

18 

Topography . 

A.  M.  Harrison,  assistant;  Bion 
Bradbury  and  W.  B.  French, 
aids. 

Topographical  survey  of  the  shores  of  Taunton 
River,  Mass.,  from  Mount  Hope  Bay  upward 
to  Weir  Village. 

19 

Tidal  observations. 

J.  H.  Shedd,  civil  engineer . 

Observations  continued  at  Providence,  R  L,  with 
self-registering  tide-gauge. 

Srctiom  n. 

20 

Triangulation . 

J.  A.  Sullivan,  assistant . 

Light-houses  determined  in  position  from  Hyan- 
nis  westward  to  the  vicinity  of  Greenport, 
N.Y. 

AUantioooaatand  sea-ports 
of  Conneoticut,  New  York, 
New  Jersey,  Pennsylva- 

1 

Triangulation . 

R.  E.  Halter,  assistant ;  H.  Caper- 
ton,  aid. 

Triangulation  extended  to  include  the  vicinity  of 
Conneoticut  River  from  previous  limits  north¬ 
ward  to  Hartford.  (See  also  Section  IX.) 

nia,  and  Delaware,  includ- 
1  ing  bays  and  rivers. 

2 

Topography . 

R.  M.  Bache,  assistant . 

Detailed  topographical  survey  at  the  head  of 
New  Haven  BLarbor. 

8 

Hydrography . 

lieut.  C.  T.  Hutchins,  U.  S.  N.,  as¬ 
sistant  ;  Masters  S.  H.  May  and 
W.  M.  Wood,  U.  S.  N. ;  Ensign 
RMcCrea,  U.aN. 

Hydrographic  development  of  Cumberland  Shoal 
off  the  east  end  of  Long  Island,  N.  Y.,  and 
of  the  passage  between  GnU  Island  and  Plum 
Island.  (See  also  Section  Y.) 

4 

Triangulation . 

Richard  D.  Cutts,  assistant ;  J.  F. 
Pratt,  aid. 

Mount  Rafinesque  and  Greenwich  Hill,  N.  Y., 
occupied  as  points  in  primary  triangulation. 

5 

Coast  Pilot _ 1 . . 

J.  S.  Bradford,  assistant ;  Lieut.  C. 
A.  Bradbury,  17.  S.  N. ;  John  R. 
Barkw. 

Revision  of  sailing-directions,  and  views  of  har¬ 
bors  and  landings  in  Long  Island  Sound  and 
Hudson  River.  (See  also  Sections  I  and  YX) 

6 

Topography . 

H.  L.  Whiting,  assistant;  R  B. 
Palfrey,  aid. 

Shore-line  survey  of  New  York  Harbor  frtnn  the 
Narrows  northward  to  Astoria;  and  from 
Castle  Point  to  Bull’s  Ferry. 

7 

Special  hydrogra¬ 
phy. 

H.  Mitchell,  assistant ;  H.  L.  Ma- 
rindin,  assistant ;  J.  R  Weir,  aid. 

Physical  researches  in  Now  York  Harbor,  in¬ 
cluding  the  measurement  of  sections,  and  ob¬ 
servations  on  the  tides  and  currents.  (See  also 
Sections  I  and  VUL) 

8 

Hydrography . 

Lieut.  H.  0.  Handy,  17.  S.  N.,  as¬ 
sistant  ;  Master  W.  P.  Ray,  IT. 
S.  N. ;  Ensign  F.  H.  Lefiavor,  U. 
S.N. 

Current -observations  in  Hudson  River,  East 
River,  and  New  York  Harbor;  and  soundings 
to  develop  the  vicinity  of  the  Shrewsbury 
Rooks  off  the  coast  of  Now  Jersey. 

9 

Tidal  observations. 

R  T.  Bassett . 

Series  of  tidal  observations  continued  at  Govern¬ 
or’s  Island,  in  New  York  Harbor,  with  self- 
registering  tide-gauge. 

10 

Astronomical  ob¬ 
servations. 

George  W.  Dean,  assistant;  J.  B. 
Baylor  and  Charles  Tappan,  aids. 

'Latitude  and  azimuth  determined  at  Beacon 
Hill,  N.  J.,  and  the  primary-station  point  con¬ 
nected  with  triangulation  of  New  York  Harbor. 

U 

Hydrogn^hy . 

F.  F.  Nes,  assistant . 

Fire  Island  Inlet,  N.  Y.,  examined  by  soundings, 
and  the  shore*line  changes  developed.  (See 
also  Section  I.) 

12 

Triangulation . 

R  A.  Colonna,  subassistant . 

Triangulation  of  the  south  coast  of  Long  Island, 
N.  Y.,  between  Babylon  and  Far  Rockaway. 
(See  also  Section  YHL) 

18 

Topography . 

C.  T.  lardella,  assistant ;  W.  Fra¬ 
ser,  aid. 

Plane-table  survey  and  soundings  at  the  eastern 
end  of  Great  South  Bay,  and  topography  east 
and  west  of  Babylon,  N.  Y. 

14 

Tidal  observations. 

R  S.  Avery,  J.  W.  Banford . 

Establishment  of  a  self-registering  tide-gauge  on 
the  east  side  of  Raritan  Bay  below  Sandy  Hook, 
and  oommencement  of  series  of  observations. 
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aBcnon  n— Coiitiiiu.ed. 

Ko.l5 

Topography . 

C.M.Bache,  assistant  1  A.  G-.  Pen¬ 
dleton,  aid. 

Plane-table  survey  completed  in  the  upper  part 
of  Bamegat  Bay,  N.  J.,  including  the  'licinity 
of  Tom's  River. 

16 

Beconnaissanoo.  • . 

Prof  R  A.  Bowser  . . . 

Stations  selected  for  determining  points  in  the 
northern  part  of  New  Jersey. 

- 

17 

Reconnaissance . . . 

Prof.  L.  M.  Hanpt . 

Stations  selected  for  determining  points  in  the 
Lehigh  region  of  Eastern  Pennsylvania. 

18 

19 

Hydrography . 

Triangnlatlon . 

Lieut.  J.  M.  Grimes,  U.  S.  K.,  as¬ 
sistant  ;  C.  A.  Ives,  aid 

Charlea|T  unken . 

Hydrography  of  the  Delaware  River  near  Dela¬ 
ware  City,  and  development  of  a  ledge  between 
Marcus  Hook  and  Chester,  Pa  (See  also  Sec¬ 
tion  IV.) 

Range-light  located  on  the  New  Jersey  side  of 
Delaware  River  above  Liston’s  Tree. 

20 

Topography . 

tT.W.Donn,  assistant;  F.  G.Donn 
and  F.  H.  Parsons,  aids. 

Topography  of  sites  for  range-beacons  on  the 
west  side  of  Delaware  River  near  Liston’s 
Tree.  (See  also  Sections  I  and  HI.) 

21 

Reconnaissance. . . 

G.  A.  Fairfield,  assistant . 

Reconnaissance  in  the  southeast  part  of  Penn¬ 
sylvania  for  points  of  triangnlation. 

Sbction  ITT. 

▲Uantio  coast  and  tmys  of 
Maryland  and  Vir^^inia, 
indading  sea-porta  and 

1 

Special  survey. . . . 

J.  W.  Bonn,  assistant. . . 

Detailed  survey  and  soundings  commenced  in 
Baltimore  Harbor  for  use  of  the  United  States 
commissioners.  (See  also  Sections  I  and  II.) 

rireia 

2 

Special  hydrogra- 
phy. 

H.  Mitchell,  assistant ;  J.  B.  Weir, 
E.  H.  Wyvill,  T.  A.  Harrison, 
and  C.  A.  Ives,  aids. 

Physical  survey  of  the  channels  at  Norfolk  and 
Portsmouth,  Va.,  for  the  a^ustment  of  port- 
warden  lines.  (See  also  Sections  1,  n,  and 

vm.) 

8 

4 

Tidal  observations 

Topography . 

W.J.BodeU . 

Charles  J nnkmi . 

Observations  continued  with  self-registering  tide- 
gauge  at  Fortress  Monroe,  Old  Point  Comfort, 
Va. 

Topography  of  part  of  Smith’s  Island  for  State 
commissioners  on  the  boundary-line  between 
Maryland  and  Virginia. 

5 

Triangnlation . 

F.  W.  Perkins,  assistant;  R.  £. 
Duval  and  J.  De  Wolf^  aids. 

Lines  of  level  run  from  Washington  navy-yard 
to  Annapolis,  with  oflbets  to  “HiU”  and  “Tay¬ 
lor  ”  primary  stations  of  triangulation.  (See 
also  Sections  I  and  Vn.) 

6 

Magnetic  observa¬ 
tions. 

C.  A.  Schott,  assistant . 

Magnetic  declination,  dip,  and  intensity  deter¬ 
mined  at  the  standard  station  on  Capitol  Hill 
in  Washington  City. 

7 

Triangnlation . 

J.W.Donn,  assistant;  F.  H-  Par- 
8q|is  and  F.  C.  Bonn,  aids. 

Triangnlation  of  the  James  River,  Va.,  frt>m  City 
Point  to  Richmond.  (See  also  Sections  I  and 

n.) 

Triangulation  continued  southward  along  the 
Blue  Ridge  in  Virginia.  Determination  of  lati¬ 
tude  and  azimuth. 

8 

Triangulation . 

A.  T.  Mosman,  assistant;  W.  B. 
Fairfield,  B.  S.  Wolcott,  and  C. 
L.  Gardner,  aids. 

9 

Reconnaissance . . . 

Edwin  Smith,  subassistant . 

Stations  selected  for  continuing  triangnlation 
along  the  Blue  Ridge  south  mid  west  of  Lynch¬ 
burg,  Va.  (See  also  Section  IV.) 

SKcnoK  rV". 

10 

ReconnaisMnoe . .. 

S.  C.  MoCorkle,  assistant . 

Reconnaissance  in  West  Virginia  for  points  of 
triangulation.  (See  also  Section  VII.) 

Atlantic  ooaat  and  aonnds 
of  North  Carolina,  Includ¬ 
ing  •ea-porta  and  rivers. 

1 

Hydrography . 

Lieut.  Richard  Wainwright, 
U.  S.  N.,  assistmit;  Master  W. 
P.  Ray,  XT.  S.  N.,  Ensign  F.  H. 
Lefhvor,  U.  S.  N. 

Hydrography  of  Pamplico  Sound,  N.  C.,  continued 
along  the  western  side  north  to  Stumpy  Point. 
Survey  of  Alligator  River  extended  ftum  pre¬ 
vious  limits  south  to  Blunt’s  Canal.  (See  also 
Section  IX.) 

2 

Astronomical  and 
magnetic  obser-  1 
vations. 

Edwin  Smith,  subassistant;  J.  B. 
Baylor,  aid. 

Latitude,  azimuth,  and  the  magnetic  elements 
determined  at  Sand  Island,  in  the  northern  part 
of  Pamplico  Sound,  N.  C.  (See  also  Section  m. ) 

8 

Hydrography . 

Lieut.  J.  M.  Grimes,  XT.  S.  N., 
assistant;  MasterT.  G.  C.  Salter, 
XT.  S.  N.,  Ensign  0.  W.  Lowry, 
U.S.N. 

Hydrography  of  Coro  Sound,  N.  C.  (See  also 
Section  IL) 
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Skction  V. 

Atlantic  coast  and  sea¬ 
water  channels  of  Sooth 
Carolina  and  Georgia,  in¬ 
cluding  sounds,  harbors, 
and  rivers. 

No.  1 

Hydrography . 

Lieut  C.  T.  Hutchins,  U.  S.  N., 
assistant;  Masters  S.  H.  May 
and  (part  of  season)  W.  M. 
Wood,  IT.  S.  N.;  Ensign  H. 
McCrea,  U.  S.  N. 

Hydrography  of  Winyah  Bay  and  Georgetown 
Bar,  including  the  months  of  the  Pedee,  Wao- 
camaw,  and  Sampit  Rivers.  (See  also  Section 

n.) 

2 

Hydrography . 

Lieut  J.  F.  Moser,  U.  S.  N.,  assist¬ 
ant;  Master  J.  B.  Murdock, 
U.S.N. 

Hydrography  of  the  water-passages  a^laoent  to 
Edisto  Island,  S.  C.,  and  soundings  near  the 
north  end  of  Hunting  Island,  S.  C. 

Section  VL  I 

3 

Triangulation . 

C.  0.  Boutelle,  assistant;  H.  W. 
Blair  and  J.  B.  Boutelle,  aids. 

Primary  triangnlation  continued  by  angular 
measurements  at  Mauldin,  Paris,  and  Pinnacle 
Mountains,  S.  C.,  and  at  Rabun  and  Blood 
Mountains  in  Georgia. 

Atiantic  and  part  of  the 
Gulf  coast  of  the  Florida 
peninsula,  including  reefs 

1 

Hydrography . 

Lieut.  Commander  3.  C.  Kennett, 
TJ.  S.  N.,  assistant;  Acting  En¬ 
sign  George  Glass,  U.  S.  N. 

Hydrography  of  the  entrance  to  Femandina 
Harbor,  Fla.  (See  also  Section  L) 

and  keys  and  the  sea¬ 
ports  and  rivers. 

2 

Triangulation  and 
topography. 

H.  G.  Ogden,  assistant ; '  W.  1. 
Yinal,  subassistant;  F.  H.  North 
and  J.  F.  Pratt  aids. 

Reconnaissance  of  the  Saint  John’s  River,  Fla., 
from  Jacksonville  to  Lake  Monroe ;  triangnla¬ 
tion  and  shore-line  survey  frem  Jacksonville  to 
Mandarin  Point. 

8 

Triangnlation,  to¬ 
pography,  and 
hydrography. 

Charles  Hosmer,  assistant ;  Eugene 
EUicott  subassistont ;  W.  E. 
McClintock  and  T.  A.  Harrison, 
aids. 

Detailed  survey  of  the  shores  and  soundings  in 
Indian  River,  Fla.,  extended  southward  to  the 
vicinity  of  Cape  Canaveral 

4 

Hydrography . 

Lieut  C.  A.  Bradbury,  U.  S.  N., 
assistant;  Master  J.  H.  CoflSn, 
u.aN. 

Hydrography  of  Key  BLsoayne  Bay,  Fla.,  and 
sailing-lines  for  channels  across  the  Florida 
Reef.  (See  also  Sections  I  and  n.) 

5 

Triangnlation  and 
topography.  ‘ 

Joseph  Hergesheimer,  subassist¬ 
ant  ;  Charles  Tappan,  aid. 

Stations  selected  for  the  triangnlation  of  Sarasota 
Bay,  Fla.  Plane-table  survey  of  the  shores  of 
Hillsboro*  Bay,  Fla. 

Section  vn. 

6 

Hydrography . 

Lieut  J.  M.  Hawley,  TJ.  8.  N., 
assistant;  Lieut  IT.  R.  Harris, 
U.  S.  N. ;  Master  G.  L.  Hanus, 
IT.  S.  N. ;  Ensign  A.  H.  Cobb, 
U.  S.N. 

Hydrography  of  the  Gulf  coast  near  Sarasota 
Bay  and  of  Hillsboro*  Bay,  Fla.  (See  also  Sec¬ 
tion  L) 

Gulf  coast  and  the  sonnds 
of  West  Florida,  includ¬ 
ing  ports  and  rivers. 

1 

Triangnlation,  to¬ 
pography,  and 
hydrography. 

F.  W.  Perkins,  assistant;  J.  De 
Wolf  and  W.  S.  Bond*  aids. 

Detailed  survey  of  the  Gulf  coast  of  Florida 
from  Suwanee  River  northward  and  westward 
to  Bowlegs  Point.  (See  also  Sections  I  and 

m.) 

2 

Hydrography . 

Master  Kossuth  Niles,  IT.  S.  N., 
assistant;  Masters  W.  F.  Low, 
H.  O.  Rittenhonse,  and  H.  W. 
Schafer,  U.  S.  N. 

Hydrography  of  Appalachee  Bay  east  and  west 
of  the  approaches  to  Saint  Mark*s  Harbor,  Fla. ; 
and  supplementary  soundings  in  Saint  Joeeph*s 
Bay  (north). 

3 

Hydrography . 

Lieut  R.  D.  Hitchcock,  U.  S.  N., 
assistant;  Lieut.  James  Frank¬ 
lin,  TJ.  S.  N. ;  Masters  John  Hub¬ 
bard,  H.  C.  Nyc,  and  J.  L.  Hun- 
sicker,  U.  S.  N. 

1  Hydrography  of  the  northern  coast  of  the  Gulf 
of  Mexico  between  Saint  Andrew*s  Bay  and 
Mobile  Bay.  (See  also  Section  L) 

4 

Triangnlation . 

F.  P.  Webber,  assistant;  F.  D. 
Granger,  subassistant ;  J.  H. 
Christian,  aid.  j 

Triangnlation  in  the  vicinity  of  the  boundary- 
line  between  Northern  Georgia  and  Alabama. 

1 

5 

Beconnaissanoe . . . 

S.  C. McCorkle,  assistant . . | 

1 

1  Reconnaissance  for  stations  in  Northern  Alabama, 
to  continue  triangulation  west  of  the  Atlanta 
base-line.  (See  also  Section  UL) 

* 

6 

Triangnlation. .... 

Prof  W.  Byrd  Page . 

Triangnlation  commenced  in  Southeastern  Ken¬ 
tucky,  to  extend  north  and  west  of  Cumberland 
Gap. 
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Parties. 

Operations. 

Persons  conducting  operations. 

Localities  of  work. 

No.  1 

Hydrograpahy .... 

Lieut.  Commander  G.  D.  Sigsbee, 
T7.  S.  N.,  assistant;  Lients.  J.  E. 
PiUsbury  and  W.  0.  Sharrer, 
IT.  S.  N ;  Master  R.  6.  Peck. 

Deep-sea  soundings  in  the  eastern  part  and  across 
the  Gulf  of  Mexico,  with  observations  on  cur¬ 
rents,  and  for  temperature  and  density.  (See 
also  Section  I.) 

2 

Special  survey. . . . 

H.  Mitchell,  assistant;  H.  L.  Ma- 
rindin,  assistant}  J.  B.Weir,  aid. 

Special  survey  of  Cubitt’s  Gap  and  South  West 
Pass  (Mississippi  delta),  and  observations  on 
the  tides  and  currents.  (See  also  Sections  I, 
11,  and  in.) 

8 

Triangulation  and 
topography. 

Andrew  Braid,  subasaistant;  C.  H. 
Sinclair  and  C.  L.  Gardner,  aids. 

Triangulation  and  topography  of  Cubitt’s  Gap 
and  part  of  South  West  Pass,  La. 

4 

Beconnaissanoe . . . 

W.  H.  Dennis,  assistant;  B.  A. 
Colonna,  subasaistant;  S.  N. . 
Ogden  and  £.  B.  Pleasants,  aids. 

Site  for  base-line  and  stations  selected  for  the  tri¬ 
angulation  of  Barataiia  Bay,  La.  (See  also 
Sections  1  and  n.) 

5 

Tidal  observations 

G.  Faust . 

Tidal  observations  continued  with  the  self-regis¬ 
tering  gauge  at  New  Orleans,  La. 

6 

Triangulation,  to¬ 
pography,  and 
hydrography. 

G.  PL  Boyd,  assistant;  Master 
Alex.  McCracken,  U.  S.N. ;  C. 
H.  Van  Orden  and  Bion  Brad¬ 
bury,  aids. 

Survey  of  the  Mississippi  River  extended  from 
Oakland  to  Reserve  Plantation,  and  special  ex¬ 
amination  of  Bonnet  Carre  Crevasse. 

7 

Triangulation . 

Prof.  John  £.  Davies . 

Triangulation  in  Wisconsin  continued  between 
Prairie  du  Chien  and  Madison. 

1 

Hydrography . 

Lienl  Richard  Wainwright, 
U.  S.  N.,  assistant;  E.  NWy- 
vill  and  E.  B.  Pleasants,  aids. 

Soundings  completed  in  Copano  Bay,  Saint  Charles 
*  Bay,  Arsmsas  Pass,  and  Corpus  Christi  Pass, 
Tex.  (See  also  Section  IV.) 

2 

Reconnaissance . . . 

R.  E.  Halter,  assistant;  C.  A.  Ives 
and  H.  Gaperton,  aids. 

Reconnaissance  for  triangulation  of  the  Laguna 
Madre,  Tex.  (See  also  Section  11.) 

8 

Tidal  observations 

GoL  W.  Thulstmp,  J.  Elmse . . 

Series  of  observations  complete  with  self-reg¬ 
istering  tide-gauge  at  Saint  Thomas,  West  In¬ 
dia  Islands. 

1 

Reconnaissance . .. 

W.  E.  Greenwell,  assistant;  W. 
H.  Steams,  aid. 

Reconnaissance  for  primary  triangulation  be¬ 
tween  San  Diego  and  San  Pedro,  CaL 

2 

Topography . 

A.  W.  Chase,  assistant;  Eugene 
EUicott,  subasaistant ;  T.  P. 
Woodward,  aid. 

Detailed  plane-table  survey  of  the  vicinity  of 
Santa  Monica  and  of  the  adjacent  coast  of  Cal¬ 
ifornia. 

8 

Hydrography . 

Lieut  Commander  H.  C.  Taylor, 
U.  S.  N„  assistant;  Lients. 
George  Tidcott,  G.  W.  Tyler,  and 
J.  D.  Adams,  XT.  S.  N.(partof  sea¬ 
son);  Lieuts.  F.  Courtis,  Rich¬ 
ardson  Clover,  Richard  M.  Cutts, 
and  A.  B.  Wyckofi^  XT.  S.  H. 

Soundings  off  the  coast  of  Califomia,  in  the  vi¬ 
cinity  of  Santa  Rosa  and  San  Miguel  Islands. 
Inshore  hydrography  near  Point  Dnme.  Survey 
of  Santa  Monica  Bay,  CaL 

4 

Triangulation . 

Stehman  Forney,  assistant;  W.  S. 
Edwards,  aid. 

Triangulation  of  the  western  part  of  Catalina 
Island  (Santa  Barbara  Channel),  CaL 

5 

Astronomical  ob¬ 
servations  and 
triangulation. 

0.  PL  Tittmann,  assistfmt;  D.  B. 
Wainwright  ^id. 

Latitude  and  azimuth  determined  at  a  station 
near  Point  Conception,  CaL  Triangulation 
across  the  Santa  Barbara  Channel  to  Santa 

Cruz  Island. 

6 

Triangulation  and 
topography. 

A,  F.  Rodgers,  asdstant;  E.  F. 
Dickens,  aid. 

Triangulation  and  topography  of  the  coast  of 
Califomia  between  Point  Sur  and  Monterey 
Bay. 

7 

Tidal  observations 

CoL  G.  H.  MendeU,  Corps  of  XTnited 
States  Engineers;  E.  Gray. 

Series  of  observations  continued  at  Fort  Point, 
Cal.,  with  self-registering  tide-gauge.  (See  also 
Section  XL) 

8 

Hydrography . 

Gershom  Bradford,  assistant . 

Observations  on  the  currents  of  San  Francisco 
Bay,  CaL 

9 

Hydrography . 

Lieut  Commander  H.  C.  Taylor, 
XT.  S.  K.,  assistant;  Lieuts.  Frank 
Courtis,  Richardson  Clover, 
Richard  M.  Cutts,  and  A,  B. 
Wyckofl^U.aH. 

Hydrographic  survey  of  Mare  Island  Strait  and 
Earquinee  Strait,  CaL 
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Section  X— Continued. 

No.  10 

Primary  triangn- 
lation. 

George  Davidson,  assistant;  C. 
Rockwell  and  W.  Eimbeck,  as¬ 
sistants;  T.  J.  Lowry  and  W.  H. 
Steams,  aids. 

Selection  of  the  Yolo  base-line  and  triangnlation 
in  its  vicinity,  for  crossing  the  Sierra  Nevada 
from  Mount  Diablo,  CaL 

11 

Triangnlation  and 
topography. 

L.  A.  SengteOer,  assistant ;  George 
H.  Wilson,  aid. 

DetaUed  survey  of  the  coast  of  California  from 
Bodega  Head  northward  towards  Fort  Ross. 

Section  XL 

12 

Station-mark . 

A.  F.  Rodgers,  assistant ;  W.  Eim¬ 
beck,  assistant. 

Establishment  of  a  permanent  signal,  of  iron,  on 
the  summit  of  Mount  Shasta,  CaL 

Coast  of  Oregon  and  of 

1 

Triangnlation,  to- 

J.  J.  Gilbert,  assistant;  F.  West- 

Triangnlation  and  topography  of  the  coast  of 

Washington  Territory, 
including  the  interior 
bays  and  the  ports  and 

pography,  and 
hydrography. 

dahl. 

Oregon  above  and  below  Nehalem  River.  Hy¬ 
drography  of  the  Columbia  River  within  pre¬ 
vious  topographical  limits. 

rivers. 

2 

Tidal  observations 

CoL  G.  H.  MendeU,  United  States 
Engineers;  L.  Wilson. 

Observations  continued  at  Astoria,  Oreg.,  with 
self-registering  tide-gause.  (See  also  Sec¬ 
tion  X.) 

3 

Hydrography . 

James  S.  Lawson,  assistant ;  T.  P. 
Woodward  and  F.  A.  Lawson, 
aids. 

Soundings  completed  in  Admiralty  Inlet,  W.  T., 
from  Duwamish  Bay  northward  to  Port  Mad¬ 
ison. 

4 

Tidal  observations 

Tides  of  the  Pa¬ 
cific  Ocean. 

CoL  G.  H.  MendeU,  United  States 
Engineers ;  L.  KesseL 

W.  D.  Alexander,  esq.,  superin¬ 
tendent  of  the  Hawaiian  Gov¬ 
ernment  survey. 

Tidal  observations  at  Port  Townshend,  W.  T., 
continued  with  self-registering  gauge.  (See 
also  Section  X.) 

Series  of  observations  oommenoed  with  a  self¬ 
registering  tide-gange  at  Honolulu,  Sandwich 

TulandiL 
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APPENDIX  No.  2. 


Statistics  <yf  field,  and  office  work  of  the  United  States  Coast  Survey  to  the  close  of  the  year  1875. 


Description. 


RECONNAISSANCE. 

Areftin  square  ntatiite  niilos . 

Parties,  numl>er  of.  In  year . 

BASE-LINES. 

Primary,  number  of . . . 

Subsidiary,  munber  of . 

Primary,  length  of,  in  statii^  miles . 

Snbddiary  and  line  measures,  length  of,  in  statute  miles. . . . 

TKIANGULvVTlON. 


Total  to  De-  t 
I  ceinber31, 

I  1874. 

I _ ! 


100,  550 


13  ' 
97 
79 
225i 


Area  in  square  statute  miles  . 

Stations  occupied  for  horizontal  angles,  number  of . 

Oeographical  positions  dotonnine<l,  number  of . 

StationB  occupied  for  vertical  angles,  number  of . 

Elevations  determined,  number  of . 

Lines  of  spirit-leveling,  length  of . . . . 

Parties  (triangulation  and  leveling),  number  of  in  year . 

ASTRONOMICAL  WORK. 

Aiimnth-stations,  munber  of . 

latitude-stations,  numlier  of . 

Lungitude-stations  (telegraphic),  number  of . 

Longitude-stations  (chronoraetric  and  lunar),  number  of . 

Astronomical  parties,  number  of . 

MAGNETIC  WORK.* 

Stations  occupied,  number  of . 

Permanent  magnetic  stations,  number  of . 

Magnetic  parties,  number  of,  in  year . 

TOPOGRAPHY. 

Area  surveyed  in  square  miles . 

Length  of  general  coast  in  miles . 

Length  of  shore-line  in  miles  (including  rivers,  creeks,  and  ponds) 

Length  of  roads  in  miles . 

Topographical  parties,  number  of,  in  year . . 

HYDROGRAPHY. 

Parries,  number  of;  in  year . 

Komber  of  miles  mn  while  sounding . . 

Area  sounded,  in  square  miles . 

Milee  mn  additional  of  outside  or  deep-sea  sonndings . 

Number  of  sonndings . 

Soundings  in  Gulf  Stream  for  temperature . 

Tidal  stations,  permanent . 

Tidal  stations  occupied  temporarily . 

Tidal  parties,  number  of;  in  year . 

Current-stations  occupied . 

Current-parties,  number  of;  in  year . 

Number  of  deep-sea  soundings . 

Specimens  of  bottom,  number  of . 

RECORDS. 

Trisngnlstion,  originals,  number  of  volnmes . 

Astronomical  observations,  originals,  nomber  of  volumes . 

Magnetic  observations,  originals,  number  of  volumes . 


71,580 
8,04d  I 
14,901  I 
4.32 
9C3 
5831 


119 

213 

83 

110 


370 


24,732 
5,646 
68,  910 
36,101 


277,909 
68,205 
44, 371 
12, 793, 247 
4, 072 
193 
1,494 


157 


10, 394 


1,840 

1,114 

323 


I  Total  to  De- 
1875.  comber  31, 

1875. 


66,  840  167,  300 

4  . . 


I 


13 

102 

79 

2311 


13,600 

274 

376 

81 

73 

46i 

27 


85, 180 
8,314 
15,  367 
463 
1,036 
630 


7 

4 


7 


126 

217 

83 

110 


14 

1 

4 


384 


476 
102 
1, 465 
664 
25 


25,208 
6,748 
70, 376 
36,766 


28 
14,158 
2, 442 
6,073 
739, 819 


10 

72 

40 

89 

2 

1, 301 
29 


292,067 
70,647 
49,444 
13, 533, 066 
4,072 


1,666 


246 


10,423 


175 

76 

30 


2,015 
1, 100 
353 


•Under  the  heads  of  “Reconnaissance,”  “Base-lines,”  “Triangulation,”  “Astronomical  Work,”  and  "Magnetic  Work,”  items  have 
been  included  not  heretofore  connted,  or  counted  upon  a  different  principle;  hence  some  apparent  discrepancies  in  snmmation  with  figures 
giran  in  previous  reports. 

S.  Ex.  37 - ^10 
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D(*Bcription. 

Total  to  De¬ 
cember  31, 
1874. 

1875. 

Total  to  De¬ 
cember  31, 
1875. 

Records— Contiunod. 

DuplicAtos  of  tho  above,  nnmberof  volumes . 

2, 106 

103 

!  2,209 

Computations,  nnmberof  volumes . 

1  2, 145 

'  174 

1  2, 319 

Hydrojn^phical  soundinprs  and  angles,  originals,  number  of  volumes . 

6,  435 

437 

6,872 

ITydrograplneal  soundings  and  angles,  duplicates,  nnmberof  volumes . 

608 

106 

714 

Tidal  and  current  observations,  originals,  number  of  volumes . 

2,  543 

291 

2,834 

Tidal  and  current  ob8er^’ation8,  duplicates,  number  of  volumes . 

I  1,846 

44 

1,890 

Sheets  from  self-registering  tide-gauges,  number  of . 

1  2, 2.50 

102 

2,  352 

Tidal  reductions,  nnmberof  volumes . 

!  1,.565 

!  39 

1,604 

Total  number  of  volumes  of  records . 

20,525 

1,  475 

22,000 

MAPS  AND  CHARTS. 

Topographical  maps,  originals . 

1,  419^ 

51 

1,470 

nvdrogmphic  charts,  originals . . .  .1 

1,  324 

39 

1,363 

Reductions  from  original  sheets . 

705  ' 

14  1 

1  779 

Total  number  of  manuscript  maps  and  charts  to  and  including  1875 . 

2,526 

14 

2,540 

Nnmberof  sketehes  matle  in  field  and  office . 

2,835 

68 

2,903 

ENGRAVING  AND  PRINTING, 

Engraved  plates  of  finished  charts,  number  of . 

195 

9 

204 

Engraved  plates  of  preliminary  charts,  .sketches,  and  diagrams  for  the  Coast  Surv’ey  Reports,  nnmberof. ' 

560 

2 

562 

Eleetrot^*pe-plates  ma<le . .* . 

1,  090 

56 

1, 146 

Finished  charts  published . ' 

^  177 

14 

191 

Preliminary  charts  and  hydrographical  sketches  published . 

464 

20 

484 

Printed  sheets  of  maps  and  charts  distributed . 

326,276  1 

19,374  ! 

345,050 

Printed  sheets  of  maps  and  charts  deposited  with  sale-agents . 

119,  152  1 

7,750  1 

126,902 

LUIRARY. 

1 

Number  of  volumes . 

5,657 

1 

334 

5,991 

INSTRUMENTS. 

$102,394.82  1 

$6,953.00 

$109,  347.  82 

Digitized  by  i^ooQle 


THE  UNITED  STATES  COAST  SUEVEY. 


75 


APPENDIX  No.  3. 


Information  fiimished  from  the  Coant  Survey  Office^  by  tracing  from  original  sheets^  etc.,  in  reply  to 

special  calls  during  the  year  ending  July  1, 1876. 


I  Nome. 

1875.  1 

2  Ms^.  Oeori^o  H.  Thom,  United  States  Corps  of  En- 
^  gineers 

2  ' . do  . 

1 

7  (  S.  T.  ^bert,  United  States  civil  engineer . 

10  ; . do . 

I 

10  ‘ . do . . 

10  ' . do . 

i 

14  Msd-  N.  Michler,  Unitctl  States  Corps  of  Engineers, 

'  light-house  engineer  thirteenth  districts 
17  I  J.  B.  Eads,  chief  engineer  South  Pass  jetteo  works.... 

19  S.  T.  Abort,  United  States  civil  engineer . 

19  J.  Bradford,  esq.,  assistant  surveyor-general  of  Lou¬ 
isiana. 

23  1  United  States  Light-House  Board . . 

29  I  A.  T.  Snell,  esq.,  inspector  twelfth  light-house  distidct. 
Aagnst  12  J.  W.  Thompson,  esq.,  president  of  the  Inland  and 
S€}aboard  Coasting  Company. 

U  British  Admiralty . 

20  War  Department . 


24 


do 


I 

24  I . do 

24  . do 


24  ;  Warburton  S.  Warren,  esq..  Manatee,  Fla. 


September  11  ;  United  States  Light-House  Board . 

6  I  United  States  Advisory  Council  for  Norfolk  Harbor. . . 


6  I . do 


6  . do 


November  15  United  States  Light-House  Board . 

17  CoL  Andrew  Talcott . 

December  2  '  Abel  Hawley,  esq . j 

17  j  United  States  Light-House  Board . i 

I  i 

17  United  States  Advisory  Council  for  Norfolk  Harbor. . .  | 
30  Mr.  C.  H.  Bliss,  Washington  City . 


Data  furnished. 


!  Hydrographical  and  topographical  surveys  of  Ipswich  Harbor  and 
River,  Mass. 

Hydrographical  survey,  acljaccnt  to  Matinicus  and  Ragged  Islands, 
showing  Matinicus  Roa<lH,  Me. 

Topographical  survey  of  the  coast  of  North  Carolina  from  Beaufort  to 
New  River  Inlet. 

Topographical  survey  of  the  const  of  North  Carolina  from  Now  River  to 
i  Stump  Inlet. 

Topographical  survey  of  the  coast  of  North  Carolina  from  Stump  Inlet 
to  Old  Topsail  Inlet. 

Topographical  siiiwey  of  the  coast  of  North  Carolina  from  Old  Topsail 
Inlet  to  head  of  sound. 

Topographical  and  hydrographical  survey  of  entrance  to  Nehalem 
River,  Oreg. 

Tracing  showing  soundings  and  cross-sections  of  South  Pass  and  Bayou 
Grande,  Mississippi  River.  • 

Hydrogmphical  survey  of  the  Nnnsemond  River  to  town  of  Suffolk,  Va. 

Data  of  triangnlation  at  South  Pass  for  determining  townsliip-lines. 

Hydrographic  survey  of  the  Delaware  River  from  Ship  John  Shoal  to 
,  Fort  Delaware. 

Topographical  survey  of  Santa  Ana  Lagoon,  Cal. 

:  Table  of  distances  on  the  Potomao  River  and  Chesapeake  Bay. 

j  Depths  on  rocks  in  San  Lnis  Obispo  Bay,  Cal. 

Hydrographical  surv'ey  of  the  South  Pass  from  Head  of  Passes  to  East 
Point,  scale  1-4,800,  and  diagram  maps  of  Cubit’s  Crevasse  and  The 
Jump. 

Cross-sections  of  South  Pass  and  Bayou  Grande  for  computations  of 
volumes  passing  per  hour. 

Copy  of  soundings  outside  of  South  Pass  Bar,  scale  1-20,000. 

Hydrographic  surveys  of  Head  of  Passes  and  South  Pass  Bay,  on  a 
scale  of  1-2,400, 

Topographical  sur\  ey  of  Manatee  River  and  Terraceia  Bay,  Tampa 
Bay,  Fla. 

Topographical  survey  of  Point  Sur,  Cal. 

Compile<l  chart  of  the  Elizabeth  River,  Va.,  from  Tyrant  Creek  to  Pin¬ 
ner’s  Point,  one-thinl  of  a  mile  above  United  States  navy-yard,  and  to 
the  third  bridge  in  the  Eastern  Branch,  containing  shore-line  points 
of  triangulation  and  depth-lines;  scale  1-5,000. 

Compiled  chart  of  Elizabeth  River,  Va.,  from  Norfolk  to  Hampton 
Roads,  containing  shore  line,  curves  of  depths,  soundings,  triaugula- 
tion,  and  topographical  stations;  scale  1-10,000. 

Compiled  chart  of  Elizabeth  River,  Va.,  from  Pinner’s  Point  to  Dismal 
Swamp  Canal,  including  Eastern  Branch  to  third  bridge,  containing 
shore  line,  curves  of  depth,  soundings,  triangulation,  and  topograph¬ 
ical  stations;  scale  1-10,000. 

Chart  of  the  Delaware  River,  with  Liston’s  signal-ranges  on. 

Unfinished  proof  of  Const  chart  No.  91,  with  curv'es  and  scales  added. 

Hydrographic  survey  of  Aransas  Pass,  Tex.,  from  the  survey  of  1875. 

Chart  of  entrance  to  Schuylkill  River,  showing  range-lights  as  deter¬ 
mined  in  December,  1875. 

Comparative  chart  of  the  Elizabeth  River  from  Craney  Island  light¬ 
house  to  United  States  navy-yard,  Norfolk,  from  the  surveys  made  in 
1854  and  1872-’73. 

Hydrographic  and  topographical  survey  of  tho  Potomao  River,  vicinity 
of  the  Three  Sisters. 
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APPENDIX  No.  3 — Continued. 


Date.  Name. 

1870.  I 

January  0  Col.  O.  M.  Poe,  United  Statea  Coriis  of  Enginoers 
17  ■  I.  C.  Braiiiard,  M.  D.,  New  York . 

19  j  J.  B.  Thompson,  M.  D.,  Portland,  Mo . . 


22  I  Hon.  G.  N.  Fox . . 

24  Hon.  Gustave  Schleicher,  of  Texas 


29  I  The  American  Cyclopmdia,  New  York . 

February  1  i  Rev.  J. ’VYent worth  Leigh . 

14  I  Charles  H.  Haswell,  esq.,  New  York . 

16  Gen.  A.  A.  Humphreys,  Chief  of  United  States  Corps 
of  Engineers. 

18  Gen.  E.  O.  C.  Ord,  United  States  Army . 

29  Thomas  S.  Hartlee,  city  surveyor  of  New  Orltmis . 


Data  fumishod. 


Positions  of  Army  stations  almvo  city  of  Savannah,  Ga. 

Hydrogniphic  information  of  Saint  George’s  Sound,  Fla.,  from  the  sur¬ 
veys  of  1871-72  and  1875. 

Unfluishoil  proof  of  Coast  chart  No.  4,  Naskeag  Point  to  Whitehead 
light,  including  Penobscot  Bay,  Me. ;  scale  1-80,000,  with  islands  let¬ 
tered  about  Isle  an  Hjiut,  Me. 

Infonnation  conceniing  the  I.sle  of  Shoals,  New  Hampshire  and  Maine, 
and  distances  and  lunii  ings  of  placets  near  the  town  of  Fryeburg.  Mo. 

Hydrographical  information  of  the  coast  of  Texjis  from  Galveston  to 
Corpus  (’hristi,  and  part  of  the  I.agunaMadre  from  Corpus  Christ!  to 
Bathn's  Bay. 

Length  of  the  Athuitic,  Gulf,  and  Pacific  coasts  of  the  United  States; 
also  hmgth  of  shore-line  of  the  American  portion  of  the  Great  Lakes, 
together  with  length  of  British  and  Mexican  boundary-lines. 

[  Topographical  survey  of  Butler’s  Island,  on  Altamalia  Sound,  Ga. 

Topography  of  Han  en  Island,  in  Jamaica  Bay,  Long  Island.  * 

Hydrogniphic  charts  of  Saint  Marj  ’s  River  bar  and  entrance,  from  the 
surveys  made  in  1874  and  1876. 

Thrt'C  proofs  of  Coast  chart  No.  107,  Matagorda  Bay,  Tex.,  dates  and 
limits  of  topograjjhy  and  hydrography. 

Topograjihical  survey  of  the  city  of  New  Orleans,  from  the  survey  of 
I  1874-75. 


March  8  |  Senator  James  L.  Alcorn . 

10  j  Hon.  G,  N.  Fox . 

14  Lieut.  George  M.  Wheeler,  United  States  Corps  of 
I  Engineers. 

April  4  j  W.  J.  Lewis,  Clinton,  Conn . 

17  ]  A.  C,  Rhind,  light-house  inspector,  third  district  New 
York. 

19  Hon.  Gustave  Schleicher,  of  Texas . 

24  AV'illiam  L.  Putnam,  attorney  at  law,  Portland,  Mo _ j 

May  2  J.  W.  Hawes,  of  the  American  Cyclopiedia . ■ 

13  S.  T.  Abert,  United  States  civil  engineer . 

13  . do . 

17  . do . 

27  James  F.  Rusling,  pension  agent,  Trenton,  N.  J . 

J uno  6  Gen.  J.  G.  Barnard,  United  States  Corps  of  Engineers. . 

22  . do . 

28  j  Lieut.  George  M.  Wheeler,  United  States  Corps  of 

Engineers. 


Shore  line  data  of  the  sea-coast  Stati’s  and  Territories. 

Tracing  of  Cairoll  County,  in  New  Hampshire,  and  adjoining  counties 
in  Maine,  from  Walling’s  map  of  1862. 

Tracing  from  drawing  of  Santa  Barbara  Channel  from  Point  Vincent  to 
Point  Concepcion,  Cal. 

Topographical  and  hydrographic  8ur\"ey  of  Duck  Island  Harbor  be¬ 
tween  Clinton  and  Westbrook,  Conn. 

Hydrography  of  Fin  Island  Inlet,  Long  Island,  N.  Y. 

Copy  of  the  hydrogra]>hic  resim'oy  of  Aransas  Pass  of  August,  1875. 

Hydrographical  survey  of  Portland  Harbor  of  1853. 

Distances  from  Washington  by  way  of  Potomac  River  and  to  month  of 
Chesjipeake  Bay. 

Hydn>graphy  of  Eliyabeth  River  and  southeni  branch  fl'om  Hospital 
Point  light-house  to  Uniteil  States  navy-yard,  including  Norfolk  Har¬ 
bor  to  first  bridge. 

Hydrographic  survey  of  Mackay’s  Creek  and  approaches,  James  River, 
Va.,  from  the  survey  of  1849. 

Hydrographic  sur\*ey  of  Elizabeth  River  from  Craney  Island  to  Nor¬ 
folk,  Va. 

Approximate  extent  of  the  sea-coast  of  the  United  States  and  Alaska. 

Hydrtigraphic  8ur\"ey,  Head  of  Passes,  Mississippi  River,  1875;  scale 
1-2,400. 

Hydrographic  survey  of  South  Pass  from  Head  of  Passes  to  East  Point; 
scale  14,800. 

Geographical  positions,  description  of  stations,  and  topographical  survey 
of  San  Buenaventura,  Cal. 
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APPENDIX  No.  4. 

DRAWING  DIVISION. 

Charts  completed  or  in  propress  during  the  year  ending  July  1,  1876. 

1.  Hydrography.  2.  Topography.  3.  Drawing  for  photographic  reduction.  4.  Datails  upon  photographic  outlines.  5.  Vorification. 

6.  Lettering. 


Title  of  chart. 

Scale.  1 

Draughtsmen. 

Remarks. 

Coast  chart  Xo.  3,  Petit  Menan  light  to  Naakeag  Point - ' 

1-80,000 

2.  C.  A.  Month.  2.  P.  Erichsen . 

Continued. 

Coast  chart  No.  4,  Naakeag  Point  to  ‘Whitehead  light,  in- 

1-80.  000 

1  and  2.  A.  Lindonkohl.  2.  P.  Erichsen. . . 

Do. 

clutling  Penobacot  Bay,  Me. 

1 

Safling  charta  Nos.  1  and  2,  Capo  Sable  to  Capo  Hattoras.. 

1-1, 200, 000 

1.  A.  Lindenkohl . j 

Belfast  Bay  and  Penobscot  River,  Me . 

1-40,000 

1.  A.  Lindenkohl . , 

Do. 

Bel&st  Bay,  Me . 

1-20,  000 

1.  C.  Jimken . ' 

Additions. 

Bar  Harbor . . 

1-10,  000 

1.  C.  Juukcu . 

Completed. 

Blue  Hill  and  Union  River  Bays,  Mo . 

1-40, 000 

2.  P.  Erichsen . 

Conmiencod. 

Frenchman's  Bay  and  Some’s  Sound,  Mount  Desert 

1-40, 000 

2.  P.  Erichsen . 

Do. 

Island,  Me. 

Portland  Harbor,  Me . 

1-1, 200 

2.  H.  LindenkohL  2.  L.  Karchor . 

Special  maps  of  the  city. 

Portomouth  Harbor,  N.  H . 

1-20,000  ' 

1  and  2.  C.  Junken . 

New  edition ;  completed. 

General  coast  chart  No.  II,  Cape  Ann  to  Gay  Hoad,  Mass. 

1-400,  000  1 

1.  A.  Lindonkohl . 

Additions;  continued. 

Salem  Harbor,  Maas . 

1-25,000  1 

1.  C.  Junken . 

Additions;  completed. 

Plymouth  Harbor,  Mass . 

1-40,000  ' 

1.  H.  Lindenkohl . 

Do. 

lalesof  Shoals,  Me.  andN.  H . 

1-20,000 

KKarcher . 

New  edition;  completed. 

Burlington  Harbor,  Vt . 

1-10,000 ; 

1.  C.  Junken . 

Additions;  completed. 

Lake  Champlain,  No.  3,  from  Ligonier  Point  to  Panton  . . 

1-40,000 

1.  A.  Lindenkohl.  1  and  2.  H.  Lindenkohl. 

Completed. 

. 

1-50.000 

1  1.  C.  Junken. 

land 2.  H. Lindenkohl . 

Photolithograph ;  com* 

Lake  Champlain,  No.  4  (in  two  parts),  from  Pantou  to 

1-40,000 

1  and  2.  A.  Lindenkohl.  1  and  2.  H.  Lin* 

ploted. 

Completed. 

WhitehalL 

Lake  Champlain,  No.  4  (part  first),  Panton  to  Fort  Ti- 

1-50,000 

denkohl.  1.  C.  Junken. 

1  and  2._H.  Lindonkohl . 

1  Photolithograph;  com- 

conderoga. 

Lake  Champlain,  No.  4  (part  second),  Fort  Ticonderoga 

1-25,000 

Iand2.  A.  Lindenkohl  and  U.  Lindenkohl.. 

pleted. 

Do. 

ioWhitehalL 

(knst  chart  No.  13,  Cattyhunk  to  Block  Island,  including 

1-80,000 

1.  H.  Lindonkohl . 

Additions. 

Narragansett  Bay. 

Monomoy  entrance  to  Nantucket  Sound . 

1-30,  000 

1.  L.  Karchor . 

Completed. 

Coast  chart  No.  15,  middle  sheet,  from  Point  Judith  and 

1-80,000 

1.  H.  Lindonkohl . 

Additions;  completed. 

Block  Island  to  Plum  Island. 

New  Haven  Harbor,  CJonn . 

1-20,  000 

1.  C.  Junken . 

Do. 

Sailing  charta  Nos.  H  and  EH,  from  Nantucket  to  Mos¬ 

1-1, 200, 000 

i  1.  A.  Lindenkohl . 

Additions. 

quito  Inlet,  Fla. 

Coast  chart  No.  20,  New  York  Bay  and  Harbor . 

1-80,000 

1.  C.  Junken.  1.  L.  Karcher . 

Do. 

Coast  chart  No.  22,  Bamegat  Bay  to  Absecum  light . 

1-80,  000 

2.  A.  Lindenkohl.  2.  H.  Lindenkohl . 

Continnod. 

New  York  Harbor  (lower) . 

1-40  000 

2.  A.  Lindenkohl.  1  and  2.  C.  Junken. 

Do. 

Hackensack  River,  N.  J . 

1-20,000 

1.  L.  Karcher. 

1  and  2.  P.  Erichsen . 

Commenced. 

Fir©  Island  Inlet,  N.  Y . 

1-25, 000 

1  and  2.  A.  Lindenkohl.  2.  BL  Lindonkohl. 

Completed. 

Coast  chart  No.  25,  middle  sheet,  part  of  Delaware  Bay 

1-80,000 

1.  C.  Junken. 

1.  A.  Lindonkohl . 

Additions. 

and  River. 

Ckiast  chart  No.  26,  upper  sheet,  Delaware  River,  Wil¬ 

1-80,000 

1.  A.  Lindenkohl . . . 

Do. 

mington  to  Trenton. 

Schooner  Ledge,  Delaware  River . *. . 

1-20, 000 

1  and  2.  A.  Lindenkohl.  1  and  2.  H.  Lin¬ 

Photolithograph ;  o  o  m- 

General  coast  chart  No.  V,  Capo  Henry  to  Capo  Lookout. 

1-400, 000 

denkohl. 

1.  A.  Lindenkohl.  2.  A.  Lindenkohl . 

pleted. 

Additions. 

Coast  chart  No.  40,  Albemarle  Sound,  eastern  sheet,  in¬ 

1-80,000 

1.  C.Jnnkeu . 

Do. 

cluding  Cnrritaok,  Croatan,  and  Roanoke  Sounds. 

Coast  chart  No.  43,  middle  sheet,  Ocracoke  Inlet  to  month 

1-80,000 

2.  P.  Erichsen . 

Do. 

of  Pamplioo  Biver. 


Digitized  by  i^ooQie 
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Title  of  chart. 

Scale. 

Draughtsmen. 

Remarks. 

Coast  chart  No.  51,  part  of  Long  Bay,  inclnding  Little 

1-80,000 

2.  A.Lindenkohl . 

Commenced. 

River  Inlet. 

Core  Sound,  N.  C . 

1-40,000 

2.  H.  Lindenkohl.  1.  C.  Jnnken.  1.  L. 
Karchor. 

Additions;  completed. 

General  coast  chart  No.  VII,  Cape  Romain  to  Saint  Maryts 

1-400,000 

2.  A.Lindenkohl . 

Additions. 

River,  Fla. 

Coast  chart  No.  55,  from  Hunting  Island  to  Ossabaw 

1-80,000 

2.  A  Lindenkohl . 

Additions;  completed. 

Sound,  Ga. 

Inside  passage,  between  Coosaw  and  Broad  Rivers,  S.  C  . . 

1-80,  000 

2.  P.  Erichsen . 

Completed. 

Saint  Helena  Sound,  S.  C . 

1-40,000 

1.  C.  Junken . 

Additions;  cemplcted. 

Savannah  River,  Ga . 

1-40, 000 

1.  C.  Junken . 

Now  edition ;  continuod. 

Coast  chart  No.  70,  Key  "West,  Karquesas  Keys . 

1-80,000 

1.  C.  Junken . 

Completed. 

Coast  chart  No.  71,  Tortugas,  Loggerhead,  and  Garden 

1-80,000 

1  and  2.  A.  Lindenkohl . 

Do. 

Keys. 

Coast  chart  No.  83,  Apalachicola  Bay,  Cape  San  Bias, 

1-80,000 

1  and  2.  A.  Lindenkohl.  1.  H.  Lindenkohl. 

Additions;  continued. 

and  part  of  Saint  Joseph’s  Bay. 

Coast  chart  No.  88,  Mobile  Bay,  Ala . 

1-80, 000 

1.  C.  Junken . 

Additions. 

Tampa  Bay  entrance,  Fla . 

1-40,000 

1  and 2.  A.  Lindenkohl.  H.  Lindenkohl. 

1.  C.  Junken. 

Completed. 

Inside  passages,  firom  head  of  Halifax  River  toward  Cape 

1-15,  000 

L.  Karcher . 

Commenced. 

Canaveral. 

Entrance  to  Pensacola  Bay . 

1-30, 000 

1.  A.Lindenkohl . 

Additions. 

Greneral  coast  chart  No.  XFII,  from  Cape  San  Bias  to 

1-400, 000 

1  and  2.  A.  Lindenkohl.  2.  L.  Karchor . . . 

Additions;  continued. 

Southwest  Pass. 

Coast  chart  No.  95,  Mississippi  River  from  the  forts  to 

1-80,  000 

2.  H.  Lindenkohl . . 

Commenced. 

New  Orleans. 

Head  of  Passes,  Mississippi  Delta . 

1  1-2, 400 

1.  C.  Junken  (plotting  hydrography) . 

Completed. 

Coast  chart  No.  106,  from  Oyster  Bay  to  Matagorda  Bay. . 

1-80, 000 

1.  A.Lindenkohl . 

Additions;  continued. 

Coast  chart  No.  107,  Matagorda  Bay . 

1-80,  000 

1.  C.  Junken . 

Do. 

Coast  chart  No.  108,  Pass  Cavallo  and  San  Antonio  Bay . . . 

1-80,000 

1.  A.Lindenkohl . 

Do. 

Aransas  Pass,  Tex . 

1-1,  500 

1.  H.  Lindenkohl.  L.  Karcher . 

Photolithograph ;  o  o  m  - 
pleted. 

Sailing  chart  No.  5,  Key  West  to  Rio  Grande . 

1-1,  200  000 

1.  A  Lindenkohl.  1.  L.  Karcher.  1.  C. 

Junken. 

Additions. 

San  Luis  Obispo  Bay,  Cal . 

1-20,000 

H.  Lindenkohl . 

Pbotolithograph ;  c  o  m  - 
pleted. 

San  Francisco  Bay  and  entrance.  Cal . 

1-50, 000 

i.  L.  Karcher . 

Additions;  completed. 

Do . 

1-40,  000 

1.  A.Lindenkohl . 

New  edition. 

Santa  Monica,  Cal . 

1-20, 000 

1.  C.  Junken.  1.  M.  Anglos.  1.  H.  Lin- 
dcnkohl. 

Photolithograph;  com¬ 
pleted. 

Aleutian  Islands . 

1-2, 400, 000 

1  and  2.  A.  Lindenkohl.  1  and  2.  H.  Lin¬ 
denkohl. 

Completed. 

Whangaroa  Harbor,  Chatham  Islands . 

H.  Lindenkohl.  C.  A.  Meuth . 

Photolithograph;  com¬ 
pleted. 

Columbia  River,  Oreg.  (sheet  No.  2) . 

1-40, 000 

2.  H.  Lindenkohl . 

Additions. 

Budd’s  Inlet,  W.  T . 

1-20,  000 

1.  C.  Junken.  1  and  2.  H.  Lindenkohl - 

Photolithograph;  com¬ 
menced. 

Harbors  of  Alaska . 

1  and  2.  H.  Lindenkohl . 

Completed. 

Centennial  map  of  Atlantic,  Gulf^  and  Pacific  coasts . 

1-1, 200, 000 

A.  Lindenkohl.  XL  Lindenkohl.  C.  Jun¬ 
ken,  C.  A.  Meuth. 

Da 

Triangulation  sketch,  Maine  to  New  York . 

1-400, 000 

A.  Lindenkohl.  H.  Lindenkohl . 

Do. 

Siphon  of  the  Cavour  Canal . 

H.  Lindenkohl . 

Photolithograph ;  c  o  m- 
pleted. 

Dam  across  the  river  Soane . 

H.  Lindenkohl . 

Do. 

Irrigation  maps . 

P.  Erichsen.  George  A.  Morrison . 

Do. 

Magnetic  map  of  the  United  States . 

A.  Lindenkohl . 

Completed. 

General  progress  sketch  for  1874-’75 . 

1-5,  000,  000 

A,  Lindenkohl . 

Do. 

Digitized  by  ^ooQie 
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APPENDIX  No.  5. 


ENGRAVING  DIVISION. 

Plates  completed,  continued,  or  commenced  July  1, 1875,  to  June  30,  1876,  inclusive. 


1.  Outline.  2.  Topography.  3.  Sanding.  4.  Lettoring. 


Title  of  plates. 

COMPLETED. 

Oeneral  cooH-eharti. 

No.  Vn,  fVom  Capo  Komain,  S.  C.,  to  Amelia  Island,  Fla - 

Approaches  to  Orleans,  La . 

Oo€Lit-eharU. 

No.  40,  Albemarle  Sound,  K.  C.  (eastern  sheet) . 

Na  54,  from  Long  Island,  S.  C.,  to  Hunting  Island,  S.  C . 

Na  55,  from  Hunting  Island,  S.  C.,  to  Ossahaw  Sound,  Ga. . . 

Na  56,  from  Savannah,  Ga.,  to  Sapelo  Island,  Ga . 

No.  57,  from  Sapelo  Island,  Ga.,  to  Amelia  Island,  Fla . 

Sarhor-charta. 

Sastport  Harbor,  Mo.  (preliminary  edition) . 

Mount  Desert  Island,  Me . 

Bar  Harbor,  Mo . 

Rockland  Harbor,  Me . 

Isle  of  Shoals . 

Salem  Harbor,  Mass,  (new  coition) . 

Plymouth,  Kingston,  and  Duxbury  Harbors,  Moss . 

New  Haven  Harbor,  Conn . 

New  York  entrance  (1875  edition) . 

Potomac  River,  Ko,  4 . 

Whale  Branch  (Inside  passage,  between  Broad  and  Coosaw 
Rivers),  S.  C. 

Doboj  and  Altamaha  Sounds,  Ga . 

Horn  Idand  Pass,  Miss,  (new  edition) . 

San  Francisco  Bay  entrance.  Cal.  (now  edition) . 

Smnt  George  Beef  and  Crescent  City,  Cal . 

Yaqnina  River  entrance,  Oreg . 

COimifTJED. 

General  coaaUehartt. 

Na  V,  firom  Capo  Henry,  Va.,  to  Cai>o  Lookout,  N.  C . 

No.  Xm,  from  Cai»e  San  Bias  to  Mississippi  Passes . 

Ooaet-charte, 

No.  3,  Frenchman’s  and  Blue  Hill  Bays,  Me . 

No.  4,  Penobscot  Bay,  Me . 

No.  6,  Kennebec  entrance  to  Saco  River,  Mo . 

Na  13,  Cuttyhunk  to  Block  Island,  including  Narrangan- 
sett  Bay. 

No.  20,  Now  York  Bay  and  Harbor . 

No.  43,  PampUoo  Sound,  N.  C.  (middle  sheet) . 

Na  87,  Pensacola  entrance,  Fla.,  to  Mobile  entrance,  Ala. . . 

Na  M,  Lakes  Borgne  and  Fontchartrain,  La . 

Na  106,  ()ystcr  Bay  to  Matagorda  Bay,  Tex . 

No.  107,  Matagorda  Bay,  Tex . 

Na  108,  Pass  Cavallo  and  Smi  Antonio  Boy,  Tex . 

Na  109,  Aransas  and  Capano  Bays,  Tex . 

Pamplico  River,  K.  C.  (1874edition) . 


Scale.  Engravers. 


1-400, 000  1  and  2.  W.  A.  Thompson.  3.  H.  M.  Knight.  4.  H.  M.  Knight  and 
W.  H.  Davis. 

1-400, 000  1  and  2.  W.  A.  Thompson.  3.  H.  M.  Knight.  4.  J.  G.  Thompson  and 

,  W.  H.  Davis. 

1-80, 000  i*  2  and  3.  H.  M.  Knight.  4.  A.  Petersen  and  J.  G.  Thompson. 

1-80, 000  I  4.  H.  M.  Knight 
1-80, 000  I  4.  E.  A.  Maedel. 

1-80, 000  2.  A.  Scngtellor.  4.  J.  G.  Thompson  and  H.  M.  Knight 

1-80, 000  2.  A.  Sengtellcr.  3.  H.  M.  Knight.  4.  E.  A.  Maedel  and  J.  G.  Thomp¬ 
son. 

1-40, 000  1, 2,  and  4.  J.  G.  Thompson-  3.  H.  M.  Knight 
1-80,  000  2.  J.  Enthofifer.  4.  E.  A.  Maedel  and  J.  G.  Thompson. 

1-10,000  1,2, 3,  and  4.  W.  H.  Knight 

1-20, 000  2.  H.  C.  Evans.  4.  J.  G.  Thompson  and  E.  H.  Sipa 

1-20.000  4.  H.M.  Knight 

1-25, 000  4  E.  A.  Maedel,  A. Petersen,  J.  G.  Thompson,  W.  H.  Davis,  and  W.  H. 
Knight 

1-40,000  3.  H.M.  Knight  4.  A.  Petersen,  J.  G.  Thompson,  and  E.  H.  Sipe. 

1-20, 000  4.  J.  G.  Thompson  and  W.  H.  Davis. 

1-40, 000  1  and  2.  H.  C.  Evans.  3.  H.  M.  Knight  4.  E.  A.  Maedel  and  A.  Pe¬ 
tersen. 

1-40,000  2.  A.  M.  Maedel.  4.  A.  Peterson. 

1-40, 000  2.  R  F.  Bartle.  4.  J.  G.  Thompson  and  E.  H.  Sipa 

1-40,000  4.  A.  Petersen. 

1-40, 000  1  and  2.  W.  A.  Thompson.  4.  A.  Petersen. 

1-50, 000  2  and  3.  W.  A.  Thompson.  4.  A.  Petersen. 

1-40,000  4.  J.  G.  Thompson. 

1-20,000  3.  H.M.  Knight  4.  F.  Courtenay. 


1-400,000  4.  A.  Petersen. 

1-400, 000  4.  E.  A.  Maedel  and  W.  H.  Davis. 

1-80,000  land 2.  J. Enthoffer.  4.  E.A-MaodeL 

1-80,000  land 2.  J. Enthoffer.  4.  E. A. Maedel, A. Petersen, and J.C. Thomp¬ 
son. 

1-80,000  2.  W.  A.  Thompson.  3.  H.M.  Knight  4.  E.  A.  Maedel 

1-80, 000  1  and  2.  J.  Enthoffer.  3.  H.  M.  Knight  4  B.  A.  Maedel  and  A.  Pe¬ 
tersen. 

1-80,000  land  2.  W.  A.  Thompson.  8.  H.M.  Knight  4.  J.  G.  Thompson  and 
H.  M-  Knight 

1-80, 000  1  and  2.  W.  A.  Thompson.  4.  F.  Courtenay. 

1-80, 000  1  and  2.  A.  Sengteller. 

1-80,000  3.  H.M. Knight 

1-80, 000  4.  A.  Petersen. 

1-80, 000  2  and  3.  H.  M.  Knight  4.  F.  Courtenay,  E.  A.  Maedel,  J.  G.  Thomp, 
son,  and  W.  H.  Davis. 

1-80,000  2.  RF.Bartla  3.  H.M.  Knight  4.  F.  Courtenay  and  W.  H.  Davis. 

1-80,000  2.  RF.Bartla 

1-80, 000  1  and  2.  H  M.  Knight 
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Title  of  plates. 

Scale. 

Engravers. 

B^flr6or-cAar«s— Continued. 

Frenchman's  Bay,  Me . 

1-40, 000 

1.  W.  A.  Thompson.  2.  J.  Enthofier.  4.  A.  Petersen. 

Blue  Hill  Bay,  Me . 

l-40,*000 

1.  E.  Molkow  and  W.  A.  Thompson.  2.  J.  Enthofier.  4.  A.  Peter¬ 
sen. 

Isle  an  Haut  Bay  and  Eggemoggin  Reach,  Mo . 

1-40, 000 

1.  E.  Molkow  and  W.  A.  Thompson.  4.  A.  Petersen- 

Penobscot  River  and  Belfast  Bay,  Me . 

1-40,  000 

1.  E.  Molkow,  W.  A.  Thompson,  and  J.  G.  Thompson.  4.  A.  Petersen 
and  J.  G.  Thompson. 

Penobscot  Bay,  Me . 

1-40,000 

1.  W.  A.  Thompson.  3.  H.  M.  Knight  4.  J.  G.  Thompson  and  F. 
Courtenay. 

Albemarle  Sound,  K.  C . 

1-200, 000 

1  and  2.  A.  M.  MaedeL 

Beaufort  Harbor,  N.  C . 

1-40, 000 

2.  R  F.  Bartle.  3.  H.  M.  Knight  4.  W.  H.  Davis,  A.  Peterson,  and 
E.  H.  Sipo. 

Core  Sound  and  Straits,  N.  C . 

1-4P,000 

1, 3,  and  4.  E.  H.  Sipo. 

Columbia  River,  No.  2,  Oreg . 

1-40, 000 

4.  W.  H.  Davis. 

COMMENCED. 

Sailing  chart. 

;  1-1,200,000 

1  ‘ 

Atlantic  coast,  from  Capo  Sable,  Me.,  to  Capo  Hatteraa,  f 
N.C.  [ 

1-400,  000 
1-80,000 

>  1  and  2.  W.  A.  Thompson.  4.  J.  G.  Thompson. 

CoaaUcharts. 

No.  22,  from  theheadofBamogat  Bay  to  Absecum  light,  N.  J. 

1-80,000 

1  and  2.  H.  C.  Evans.  4.  E.  A.  Naedel. 

No.  95,  Mississippi  River,  from  the  Forts  to  Now  Orleans,  La. 

1-80,000 

1.  A.  Sengteller. 

No.  104,  Galveston  Bay  and  approaches,  Tex . 

1-80,000 

1  and  2.  R.  F.  Bartlo.  4.  J.  G.  Thompson. 

Marbor-charts. 

Richmond's  Island  Harbor,  Me.  (new  edition) . 

1-20, 000 

3.  H.  M.  Knight  4.  A.  Petersen  and  H.  M.  Knight 

Lake  Champlain,  No.  I  (Rouse’s  Point  to  Cumberland  Hoad) . 

1-40,  000 

1.  J.  G.  Thompson.  2.  H.  C.  Evans.  4.  F.  Courtenay. 

Lake  Champlain,  No.  n  (Cumberland  Head  to  Ligonier  Point) 

1-40,000 

1.  J.  G.  Thompson.  2.  H.  C.  Evans.  4.  F.  Courtenay  and  E.  A. 
Macdel. 

Lake  Champlain  No.  m  (Burlington  to  Coles  Bay) . 

1-40, 000 

1  and  2.  H.  C.  Evans. 

LakoChamplain,No.  IV  (Coles  Bay  to  Whitehall) . 

1-40,000 

1  and  2.  W.  A.  Thompson. 

Tampa  Bay  entrance,  Fla . . . 

1-40,  000 

1  and  4.  E.  H.  Sipe. 

San  Francisco  Bay  entrance.  Cal . 

1-40,  000 

1.  E.  Molkow. 

Digitized  by  i^ooQle 
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A  NEW  SYSTEM  OF  BINARY  ARITHMETIC,  BY  BENJAMIN  PEIRCE,  CONSULTING  GEOMETER,  UNITED 

STATES  COAST  SURVEY. 


Cambridge,  February  25, 1876. . 

Deae  SrR :  In  sending  you  the  inclosed  paper  upon  a  new  system  of  binary  arithmetic,  I  have 
no  such  extravagant  thought  as  that  of  a  substitute  for  our  decimal  system.  I  presume,  however, 
that  it  is  not  unsafe  to  follow  in  the  footsteps  of  Leibnitz,  even  in  his  excursions  of  pleasure.  It 
seems  to  me,  also,  that  it  may  be  interesting  to  compute  some  of  the  fundamental  numbers  of 
science  by  a  new  arithmetic,  for  the  purpose  of  comparison  and  verification. 

Yours,  very  truly, 

BENJAMIN  PEIECE. 

Oablile  P.  Patterson, 

Superintendent  United  States  Coast  Survey, 

1.  Leibnitz  proposed  a  system  of  binary  arithmetic  which  he  thought  to  be  peculiarly  fitted  to 
exhibit  the  symmetry  of  certain  arithmetical  operations.  Misled  by  erroneous  reports,  he  believed 
that  a  similar  system  was  originally  used  by  the  Chinese,  as  long  as  two  thousand  years  before  the 
Christian  era. 

2.  The  system  here  proposed  retains  the  advantages  of  that  of  Leibnitz,  while  it  is  more 
economical  of  space,  more  so  even  than  our  ordinary  decimal  arithmetic.  It  admits  of  ready  trans¬ 
formation  into  any  other  system  of  which  the  base  is  some  power  of  two. 

3.  In  the  new  system,  as  in  that  of  Leibnitz,  there  are  only  two  elementary  characters,  a  ver¬ 
tical  straight  line  and  a  circle,  but  their  mode  of  use  is  interchanged.  Leibnitz  adopted  the  ordi¬ 
nary  mode  of  ciphering,  in  which  the  circle,  called  the  cipher,  occupies  each  vacant  space,  while  the 
vertical  line  is  the  only  significant  digit,  and  represents  unity.  In  the  new  system,  on  the  con¬ 
trary,  the  straight  line  denotes  zero,  and  occupies  each  vacant  space,  while  the  circle  is  the  signifi¬ 
cant  digit,  and  stands  for  unity. 

4.  The  places  in  the  arithmetic  of  Leibnitz  proceed  continuously  from  right  to  left,  as  in  ordi¬ 
nary  arithmetic.  But  in  the  proposed  system  each  odd  place  has,  written  above  it,  the  next  higher 
even  place.  Two  such  successive  places  constitute  a,  pair j  and  the  pairs  succeed  each  other  regu¬ 
larly  from  right  to  left. 

5.  Leibnitz  required  only  two  forms  of  tjpe,  corresponding  to  his  two  characters.  But  the  new 
system  involves  three  different  forms  of  types,  conforming  to  three  different  forms  of  the  pairs. 
The  circles,  which  represent  unity,  must  be  sm^  enough  to  be  written  over  each  other,  so  that  they 
are  naturally  reduced  to  a  size  such  that  the  width  of  space  occupied  by  a  pair  will  be  only  hal 
that  of  the  ordinary  figure.  The  three  different  form  of  pair  are  |  [  : ,  and  there  is  also  j  ,  which  is 
the  inversion  of  the  second  form. 

6.  Leibnitz  proposes  no  nomenclature  for  his  arithmetic,  without  which  it  is  practically  useless. 
In  the  new  system,  it  is  proposed  to  call  e^h  combination  of  two  successive  pairs,  of  which  the 
right  hand  is  an  odd  pair,  a  quadrate.  There  are,  then,  sixteen  (or  in  the  new  system  onety)  dis¬ 
tinct  quadrates,  of  which  the  names  and  numerical  representatives  are  as  follows : 

zero  =11  =  1,  four  =  I  |  ,  eight  =  j  |  ,  douze  =  :  | 

one  =  I  I  =  1  ,  five  =  I  ! ,  nine  =  i  !  ,  treize  =  \  : 

two  =  I  i  =  J  ,  six  =  !  i  ,  ten  =  i  1  ,  quorze  =  :  \ 

three  =  |  :  = ; ,  seven  =  J  : ,  onze  =  J  :  ,  quinze  =  : : 

The  successive  places  of  the  quadrates,  counting  from  the  right,  are  called  units,  ties,  tries, 
quads,  quints,  sies,  septs,  and  octs,  which  eight  places  constitute  an  octad.  Each  successive  octad  is 
divided  into  two  parts,  each  of  which  consists  of  four  quadrates.  The  right  division  of  the  octad 
is  distinguished  by  the  termination  illion,  and  the  left  moiety  by  the  termination  ilhad.  The  right, 
hand  divisions  of  the  octads  are  thus  named,  successively,  illions,  billions,  trilhons,  and  so  on,  while 
the  left-hand  divisions  are  named  ilhads,  billiads,  trilliads,  and  so  on.  In  the  case  of  very  high 
S.  Ex.  37 - IX  81 
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numbers,  however,  and  especially  when  the  lower  portion  does  not  require  to  be  designated,  the 
Greek  letter  7  may  be  placed  after  the  numbers  of  the  octade,  with  an  exponent  w,  which  shall 
express  the  place  of  the  octade,  and  which  shall  be  designated  in  enunciation,  whether  second, 
third,  &c.  This  latter  system  corresponds  to  that  adopted  by  Archimedes  in  his  Arenarius. 

7.  The  number 

2"*— 2"‘-^=2-‘->=  J  J  "—1=  J 

is  written  with  only  one  significant  digit  in  the  place. 

8.  The  number 

2*— 2“=i"— p 

in  which 

consists  of  m—n  significant  digits  placed  in  continuous  order,  of  which  the  highest  digit  occupies 
the  m***  place,  and  the  lowest  digit  the  place. 

9.  Hence  it  follows  that  every  number  can  be  expressed  in  the  form 

p— p'— j"*"— j»"+ &c., 

in  which 

&c., 

and  where  w,  wt',  w",  &c.,  correspond  to  the  highest  places  of  the  successive  groups  of  continuous 
digits,  and  n,  n',  n'',  &c.,  to  the  highest  places  of  the  successive  groups  of  continuous  zeros. 

10.  In  multiplication,  we  have 

=  +  +  j  n -f- 

^  jm  +  m' jm  +  n'+ !  ^  jtii  +  n  *  jm'+  jn  +  n  ^ 

in  which  we  may  assume 

gO  that  the  product  is  a  number  of  which  the  highest  unit  occupies  the  place,  and  is  the 

first  of  m'— w'— !  continuous  units,  at  the  rate  of  which  is  a  single  vacancy,  followed  by  (w— n)— 
(m'— n')  successive  units,  and  afterward  by  m'— n'— ?  vacancies,  and  lastly  a  unit  in  the 
place.  This  proposition  supplies  the  place  of  a  large  multiplication-table.  A  skillful  arithmetician 
readily  apply  the  principle  upon  which  it  is  founded  to  facilitate  multiplication  and  division. 

11.  Whenever  a  given  number  is  divided  into  sets  of  m  places,  beginning  at  the  right,  it  is 
evident  that  the  sum  of  these  sets  divided  by  the  number 

r-! 

gives  the  same  remainder  as  the  number  itself  when  divided  by  this  divisor ;  and  if  the  remainder 
is  zero,  the  given  number  is  divisible  by  the  proposed  divisor.  The  principle  of  this  proposition  is 
that  which  in  ordinary  arithmetic  justifies  the  casting  out  of  the  nines.  This  divisor  consists 
wholly  of  units. 

12.  Whenever  the  difference  of  the  sum  of  the  first,  third,  &c.,  sets  of  the  preceding  article — 
i.  e.  of  the  uneven  sets  and  of  the  sum  of  the  even  sets — ^vanishes  or  is  divisible  by 

r+!? 

the  given  number  is  also  divisible  by  this  divisor.  The  principle  of  this  proposition  is  identical 
with  that  of  the  criterion  in  ordinary  arithmetic  for  divisibility  by  eleven.  The  divisor  of  this 
article  consists  of  two  units  separated  by  n— J  zeros. 

13.  The  well-known  expression  of  a  perfect  number  becomes  in  this  arithmetic  ji «+ !— j « 

in  which  i "  +  ^  !  must  be  a  prime  number. 

This  requires  that  w+ !  should  be  a  prime  number,  although  this  condition  is  not  generally 
sufficient. 

14.  Were  this  arithmetic  to  be  much  used,  which  is  quite  improbable,  the  forms  of  the  figures 
would  undoubtedly  become  more  fiowing.  They  might  come  to  resemble  the  present  6,  9,  and  8,  or 
they  might  assume  the  character  of  the  Greek  or  the  circles  might  simply  degenerate  into  crooks, 
more  or  less  sharp,  according  to  the  peculiarity  of  the  writer.  But  these  variations  would  readily 
be  understood,  and  would  not  embarrass  the  reader. 
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A  CATALOaUE  OF  STARS  FOR  OBSERVATIONS  OF  LATITUDE. 

The  following  catalogue  supersedes  the  List  of  Stars  for  Observations  of  Latituds^^  printed 
as  an  Appendix  to  the  Coast  Survey  Report  for  1873,  by  giving  declinations  as  accurate  as  obtain¬ 
able,  and  right  ascensions  to  the  nearest  second.  It  thus  furnishes  the  means  of  computing  at 
once  the  results  of  observations  for  latitude  without  waiting  for  the  collating  of  various  astronomical 
catalogues  in  order  to  deduce  the  best  obtainable  declinations  for  the  stars  observed.  For  the  pur¬ 
pose  of  a  finished  reduction  it  will  always  be  advisable  to  make  such  collation,  as  more  recent 
observations,  or  the  discussions  now  in  progress  of  systematic  errors  in  existing  Star  Catalogues, 
may  serve  to  correct  the  places  contained  in  •the  present  catalogue,  from  which,  however,  very 
satisfactory  results  will  be  obtained. 

It  has  been  the  custom  heretofore  in  the  Coast  Survey  to  select  from  the  British  Association’s 
Catalogue  the  pairs  of  stars  suitable  for  the  determination  of  latitude,  by  the  method  of  observing 
equal  meridian  zenith-distances  with  the  zenith-telescope.  The  numbers  of  the  stars  so  selected 
for  observation  at  any  station  were  sent  to  the  office,  where  the  mean  declinations  for  the  year  of 
observation  were  obtained  by  reference  to  all  recent  catalogues  of  precision,  comprising  the  several 
Greenwich  Catalogues,  the  Washington  Observations,  the  EadcMe  and  Armagh,  and,  where  these 
failed,  the  Rumker  Catalogue.  For  stars  not  found  in  at  least  two  of  these  catalogues,  and  those 
which  exhibited  large  discrepancies  in  position,  express  observations  were  made,  by  request,  at  the 
observatories  at  Washington  and  Cambridge. 

This  practice  of  deducing  the  declinations  of  stars  from  observations  made  with  diflerent  circles 
and  under  varied  circumstances  has  led  to  a  great  degree  of  precision  in  the  assumed  declinations. 
The  stars  used  in  the  method  of  equal  zenith-distances  comprise  those  down  to  the  sixth  magni¬ 
tude,  most  of  which  have  not  been  the  object  of  precise  determination  as  standard  stars.  Still  we 
find  that  the  probable  error  of  the  declination  of  a  star  derived  in  the  manner  above  mentioned 
does  not  exceed  ±0".3.  And  the  probable  error  of  one  observation  with  the  instruments  used 
being  between  (K'.3  and  0'^5,  the  observation  of  sixteen  pairs  of  stars  on  four  nights  never  fads  to 
reduce  the  probable  error  of  the  latitude  below  0".l. 

The  British  Association’s  Catalogue  is  now  very  difficult  to  obtain,  and  its  constants  have 
become  obsolete  by  lapse  of  time.  The  continued  demand  on  the  office  for  copies  which  could  not 
be  procured  led  to  the  preparation  of  the  catalogue  given  below,  which  is  intended  to  replace  it  as 
a  list  of  stars  available  for  the  observation  of  latitude  by  the  zenith-telescope  in  the  limits  of  the 
United  States. 

This  catalogue  comprises  all  the  stars  found  in  the  ‘‘Bonner  Yerzeichniss”  or  “Nordliche 
Durchmusteruug’’  of  Argelander,  included  in  his  northern  zones  and  his  zone  of  south  declina¬ 
tion,  and  to  his  sixth  magnitude,  inclusive. 

The  hst  was  selected  under  the  direction  of  Assistant  C.  S.  Peirce,  and  the  names  of  the  stars 
were  assigned  by  him  on  the  following  principles: 

1.  If  the  star  has  a  letter  assigned  by  Bayer,  it  is  so  designated.  If  the  latitude  and  longitude 
correspond  with  a  star  of  Tycho’s  Catalogue,  this  star  is  considered  to  be  Bayer’s.  If  there  was 
Miy  difficulty  in  identifying  Tycho’s  star,  the  identification  was  guided  in  several  cases  by  remarks 
in  Argelanderis  “  Be  fide  Uranometriae  Bayeri.”  If  the  star  is  not  in  Tycho  it  was  sought  in 
Ptolemy’s  Catalogue.  In  such  case  the  identification  with  Ptolemy  has  generally  been  made  tl^ugh 
the  edition  of  George  of  Trebizond,  which  seems  to  agree  very  closely  in  its  readings  with  the  one 
used  hy  Bayer. 
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Argelander  states  that  Bayer  used  the  edition  of  Schreckenfuchs.  But  the  identification  of 
Ptolemy  with  the  heavens  is  based  on  Mr.  Peirce’s  transcript  of  the  Paris  manuscript,  an  account 
of  which  he  has  presented  to  the  American  Academy  of  Arts  and  Sciences.  If  Bayer’s  star  is 
neither  in  Tycho  nor  Ptolemy,  it  is  then  identified  by  its  configuration.  The  letters  thus  assigned 
nearly  always  agree  with  those  given  by  Argelander  and  Baily,  except  where  these  authorities 
differ.  In  regard  to  the  index  numbers  attached  to  a  few  of  the  letters,  Bayer  has  been  followed  as 
to  the  number  of  stars  having  one  letter,  and  they  have  been  numbered  in  the  order  of  their  right 
ascension  at  the  epoch  of  Flamsteed’s  Catalogue.  In  cases  where  Bayer  indicates  only  one  star,  and 
his  star  comprehends  two,  these  have  been  distinguished  as  preceding  (pr.),  and  following  (sq.),  or 
north  (bor.),  and  south  (aust.).  The  Eoman  letters  are  always  in  Roman  type. 

In  the  six  constellations  where  Bayer  has  a  Roman  o,  this  letter  and  the  Greek  o  are  preceded 
by  Flamsteed’s  numbers. 

2.  If  the  star  is  a  variable,  it  has  the  letter  given  it  by  Schbnfeld. 

3.  If  the  star  has  no  letter  assigned  by  Bayer  or  Schonfeld,  it  is  designated  by  Flamsteed’s 
number,  when  put  by  him  in  the  same  constellation  as  by  Heis.  In  identifying  Flamsteed’s  stars 
the  authority  of  Baily  has  been  followed. 

4.  If  the  star  is  in  none  of  these  lists,  the  Durchmusterung  zone  and  number  are  given.  D.  M. 
is  the  abbre\aation  used  for  Durchmusterung.  Thp  magnUxidea  have  been  reduced  to  a  scale  of 
‘^equable  distribution”  according  to  the  methed  explained  in  Mr.  Peirce’s  Photometric  Researches, 
in  the  Annals  of  the  Harvard  College  Observatory. 

The  places  of  stars  given  in  this  catalogue  have  been  prepared,  under  the  immediate  direction 
of  Assistant  Hilgard,  by  Assistant  O.  H.  Tittmann,  aided  by  C.  Ferguson,  H.  W.  Blair,  J.  B.  Baylor, 
A.  Braid,  and  A.  H.  Scott. 

The  right  ascensions  are  given  to  nearest  seconds  of  time  only,  as  that  is  amply  sufficient  for  the 
special  purpose  of  the  catalogue.  The  right  ascensions  of  a  great  number  of  stars  are  found  in 
other  catalogues  expressly  prepared  for  observations  of  time,  such  as  the  Coast  Survey  Standard 
Mean  Places  of  Fundamental  Stars,  prepared  by  Dr.  B.  A.  Gould  in  1862,  and  the  Field  Catalogue 
of  983  Transit  Stars,  prepared  by  Assistant  G.  Davidson,  and  published  in  1874.  Moreover,  the 
American  Ephemeris  and  Nautical  Almanac  will  be  generally  used  for  the  determination  of  time, 
as  it  gives  ready  to  hand  the  apparent  places  of  quite  a  sufficient  number  of  convenient  stars. 

It  is  unnecessary  to  state  in  detail  the  process  by  which  the  right  ascensions  and  their  annual 
variations  have  been  deduced,  as  only  the  nearest  second  of  time  is  given  j  the  computations,  how¬ 
ever,  were  carried  to  tenths  of  seconds. 

The  declinations  have  been  deduced  by  a  comparison  of  all  modem  catalogues  of  precision, 
notably  the  following,  viz : 

Greenwich  New  Seven-Year  Catalogue  of  2760  Stars,  1864. 

Greenwich  Seven-Year  Catalogue  of  2022  Stars,  1860. 

Greenwich  Six-Year  Catalogue  of  1576  Stars,  1850. 

Greenwich  Twelve-Year  Catalogue  of  2156  Stars,  1836-1847. 

Washington  Catalogue  of  Stars,  1845-1871. 

Astronomische  GeseUschaft  (mean  and  apparent  places  of  539  Stars  for  1878). 

Radcliffe  Catalogue  of  6317  Stars,  for  the  epoch  1845. 

Second  Radcliffe  Catalogue  of  2356  Stars,  for  the  epoch  1860. 

Armagh  Observatory  Catalogue.  Places  of  5345  Stars,  observed  fix)m  1828  to  1854. 

British  Association  Catalogue  of  Stars,  reduced  to  the  epoch  1850. 

Rumker’s  Catalogue.  Mean  places  of  12000  Stars  for  the  epoch  1836. 

This  examination  has  revealed  the  fact  that  there  are  in  the  northern  heavens  numerous  stars 
as  bright  and  brighter  than  the  sixth  magnitude,  whose  places  have  never  been  determined 
with  precision,  and  that  there  are  as  many  as  250  stars  in  this  list  that  have  either  never  been 
observed  at  all  with  precision,  or  that  are  not  found  in  any  catalogue  more  recent  than  that  of  the 
British  Association  or  Radcliffe  (1).  Such  stars  are  marked  with  an  asterisk  (♦)  in  the  present 
catalogue,  and  a  list  of  them  has  been  furnished  to  the  principal  observatories,  with  the  request 
that  their  positions  be  determined  with  accuracy. 
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All  other  stars  have  been  found  in  one  or  more  of  the  recent  catalogues  of  precision,  and  gen¬ 
erally  with  not  less  than  four  observations.  Nearly  two-thirds  of  their  number  had  been  hereto¬ 
fore  used  for  latitude  observations  in  the  Coast  Survey,  and  their  positions  deduced  by  a  compari¬ 
son  of  the  catalognes  above  mentioned.  This  work  had  been  performed  in  the  Computing  Division 
of  the  ofi&ce,  nnder  the  direction  of  Assistant  C.  A.  Schott,  by  Mr.  James  Main,  whose  methods 
were  followed,  in  deducing  the  places  of  the  remaining  stars.  The  large  number  of  results  for 
latitude  obtained  with  the  use  of  declinations  so  deduced  justify  the  statement  made  above  that  the 
average  probable  error  of  the  declination  of  a  star  as  here  given  will  not  exceed  i  0".3. 

The  annual  precession  in  declination  was  computed  for  every  minute  of  time  by  the  expression 

Ad=.  20".054  cos  a 

and  that  belonging  to  any  particular  star  was  obtained  by  intjerpolation. 

The  proper  motions  given  in  the  last  column  were  taken  from  the  Coast  Survey  Catalogue  of 
'  Fundamental  Stars,  from  the  Seven-Year  New  Greenwich,  the  Eadcliffe  (2),  and  the  British 

Association  Catalogues  in  that  order  of  preference. 

The  introduction  of  thirteen  stars  omitted  from  the  former  list,  and  the  transposition  of  some 
in  order  to  preserve  the  order  of  right  ascension,  occasions  a  difference  in  the  serial  numbers  of  the 
present  list  as  compared  with  the  former,  which  must  now  be  considered  as  entirely  superseded. 

J.  E.  HILGAED, 

Assistant  U.  8.  Coast  Survey ^  in  charge  of  Office. 
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CATALOGUE  OF  STARS  FOR  OBSERVATIONS  OF  LATITUDE. 


No. 

B.  A.  C. 

Constellation. 

Mag. 

A.  R.  1880. 

Annual 

Variation. 

Declination 

1880. 

Annual 

Precession. 

Proper 

Motion. 

h.  in.  s. 

s. 

0111 

r/ 

#' 

I 

8373 

10  Cassiopc®  .... 

5.5 

0  00  13 

+  3-o8 

63  31 410 

+  20.05 

+  .01 

2 

4 

a  Andromedae  .... 

2.0 

2  11 

3.09 

28  25  41.3 

20.05 

-  .15 

3 

7 

/3  Cassiopeae  .... 

2.3 

2  47 

3.17 

58  29  16. S 

20.05 

-  .17 

4 

8 

87  Pegasi . 

5.5 

2  51 

3.09 

17  32  42.5 

20.05 

+  .02 

5 

14 

34  Piscium . 

5.7 

3  52 

3-07 

10  28  39.8 

20.05 

-  .05 

6 

16 

22  Andromedae  .... 

5.2 

4  05 

3.10 

45  24  15.5 

20.05 

. . . 

7 

. 

Andromedae  .... 

5.6 

5  42 

3.10 

47  29  02.8 

20.05 

. .  • 

8* 

. 

D.  M.  22°,  14.  .  .  . 

5.8 

5  .. 

3.09 

22  49  .... 

20.05 

. . . 

9 

26 

y  Pegasi  ..... 

2.8 

7  03 

3.08 

14  30  58.9 

20.04 

+  .00 

10 

28 

23  Andromedae  .... 

6.0 

7  17 

3.10 

40  22  22.5 

20.04 

-  .08 

11 

32 

X  Pegasi . 

4.9 

0  8  24 

4-  3-»o 

19  32  21.6 

+  20.04 

+  .02 

12* 

. 

Pegasi  ..... 

6.0 

8  .. 

3-09 

21  37  .... 

20.04 

. . . 

13 

36 

35  Piscium  ..... 

5-8 

8  48 

3.08 

8  09  15.0 

20.04 

-  .05 

14 

. 

Andromedae  .... 

5-8 

10  03 

3. II 

42  55  44.6 

20.04 

. . . 

15 

46 

Cassiopeae  .... 

5.8 

10  32 

3.20 

60  51  58.4 

20.03 

—  .01 

i6 

51 

D.  M.  47°,  50  .  .  . 

6.0 

10  49 

314 

47  16  49-3 

20.03 

. .  • 

17 

52 

Andromedae  .... 

4.8 

10  49 

3. II 

38  00  55.7 

20.03 

—  .01 

i8 

58 

a  Andromedae  .... 

4.4 

12  04 

3.12 

36  07  1 1. 5 

20.02 

-  .04 

19 

. 

Andromedae  .... 

5.8 

12  21 

3. 12 

30  51  04.0 

20.02 

. .  • 

20 

60 

26  Andromedae  .... 

6.0 

12  23 

3.14 

43  07  29.3 

20.02 

+  .02 

21* 

. 

Andromedae  .... 

5-8 

0  14.5 

+  3.13 

32  15  .... 

-h  20.01 

. . . 

22 

67 

p  Andromedae  .... 

5.4 

14  48 

3.15 

37  18  16.2 

20.01 

—  .02 

23 

79 

Cassiopeae  .... 

5-8 

17  48 

3.20 

51  21  17.5 

19.99 

. . . 

24 

83 

Cassiopeae  .... 

5.8 

18  37 

3.21 

52  22  53.9 

19.99 

-  .03 

25 

100 

Andromedae  .... 

5.4 

21  47 

3-19 

43  43  51.0 

19.96 

—  .01 

26 

lOI 

47  Piscium . 

5.3 

21  48 

3.12 

17  13  43.2 

19.96 

+  .11 

27 

102 

48  Piscium . 

5.8 

21  59 

3-II 

15  46  54.5 

19.96 

+  .01 

28* 

.  . 

Cassiopeae  .... 

5.8 

23.7 

3.30 

59  18  .... 

19.95 

. . . 

29 

109 

28  Andromedae  .... 

5.5 

23  48 

3.15 

29  05  23.8 

19.95 

-  .07 

30 

120 

Andromedae  .... 

5.8 

25  03 

3.17 

32  55  09.2 

19.93 

... 

31 

121 

^  Cassiopeae  .... 

5.1 

0  25  10 

+  3-28 

53  51  34.7 

+  19-93 

+  .02 

32 

126 

K  Cassiopeae  .... 

4.5 

26  II 

3.36 

62  16  10.3 

19.92 

+  .02 

33 

130 

52  Piscium . 

5.4 

26  18 

3.14 

19  38  00.5 

19.92 

—  .03 

34 

142 

D.  M.  I2%57.  .  .  . 

5.8 

28  42 

3. II 

12  42  43.0 

19.90 

+  .03 

35 

147 

14  Ceti . *  . 

5.9 

29  23 

3.08 

—  I  09  56.2 

19.89 

-  .14 

36 

146 

Cassiopeae  .... 

5.7 

29  28 

3.31 

53  30  26.1 

19.89 

+  .04 

37 

148 

Cassiopeae  .... 

5.8 

29  39 

3.36 

59  39  54.5 

19.89 

.00 

38 

152 

Andromedae  .... 

5*3 

30  15 

3.24 

43  49  34.8 

19.88 

+  .01 

39 

153 

^  Cassiopeae  .... 

3.8 

30  17 

3.31 

53  14  II. 2 

19.88 

-H  .oi 

40 

155 

TT  Andromedae  .... 

4.2 

30  28 

3.19 

33  03  31.3 

19.88 

+  .02 

41* 

.  . 

Andromed®  .... 

6.0 

0  36.8 

+  3.15 

23  21  .... 

+  19.87 

. . . 

42 

158 

Andromed®  .  •  .  ’ . 

5.7 

30  56 

3.20 

34  44  20.1 

19.87 

-  .04 

43 

164 

e  Andromed®  .... 

4.4 

32  13 

3.15 

28  39  37.2 

19.85 

-  .24 

44 

165 

Cassiope®  .... 

5.6 

32  32 

3.29 

48  41  40.4 

19.85 

. . . 

45 

166 

(5  Andromed®  .... 

3.5 

32  55 

3.19 

30  12  14.0 

19.84 

—  .11 

46 

170 

55  Piscium . 

5.4 

33  37 

3.15 

20  46  48.0 

19.84 

—  .01 

47 

169 

a  Cassiope®  .... 

var.  2.5-2.8 

33  42 

3.37 

55  52  44.1 

19.84 

-  .03 

48 

173 

32  Andromed®  .... 

5.1 

34  37 

3.25 

38  48  00.3 

19.82 

+  .02 

49 

175 

Cassiope®  ^  .  .  .  . 

6.0 

34  55 

3-52 

65  29  21. I 

19.82 

. . . 

50 

178 

Andromed®  .... 

6.0 

35  15 

3.20 

23  58  16.3 

19.82 

+  .02 
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No. 

p 

B.A.C. 

Constellation. 

Mag. 

A.  R.  1880. 

Annual 

Variation. 

Declination 
.  1880. 

Annual 

Precession. 

Proper 

Motion. 

51 

180 

^  Cassiopea:  .... 

5.1 

h.  m.  s. 

0  35  23 

s. 

+  3-32 

0  !  n 

49  51  13-7 

-f  19.82 

-  -05 

52 

189 

^  Cassiopeae  .... 

5.3 

36  50 

3.30 

46  22  05.6 

19.79 

—  .01 

53 

194 

21  Cassiopeae  .... 

5.5 

37  45 

3.84 

74  19  54-0 

19.78 

—  .06 

54 

197 

Cassiopeae  .... 

6.0 

37  46 

3.30 

47  12  22.3 

19.78 

... 

55 

198 

0  Cassiopeae  .... 

5.0 

33  03 

3-32 

47  37  39-1 

19.78 

-  .03 

56 

201 

Cassiopeae  .... 

5.7 

38  28 

3.40 

54  33  49-3 

19.78 

-  .08 

57  1 

206 

23  Cassiopeae  .... 

5-5 

39  47 

3.89 

74  II  29.3 

19.75 

-  .04 

58 

2II 

57  Piscium . 

5.1 

40  16 

3.13 

14  49  14.3 

19.74 

-  .04 

59 

213 

58  Piscium . 

5.0 

40  46 

3.12 

II  19  11.6 

19.74 

+  .06 

60 

215 

C  Andromedae  .... 

4.3 

40  59 

3.17 

23  36  51.0 

19-73 

-  -07 

6i‘ 

218 

V  Cassiopeae  .... 

3.5 

0  41  51 

+  3.58 

57  10  43-8 

+ 19-72 

-  .49 

62 

219 

V  Cassiopeae  .... 

5.1 

42  02 

3.37 

50  18  46.5 

19.72 

-  .07 

63 

221 

Piscium . 

5.8 

42  05 

3.13 

4  39  47.4 

19.72 

-1. 18 

64 

222 

d  Piscium . 

4.4 

42  27 

3. II 

6  55  54.6 

19.71 

-  .05 

65 

223 

64  Piscium . 

5.5 

42  40 

3-14 

16  17  33-4 

19.71 

-  .16 

’  66 

227 

V  Andromedae. 

4.9 

43  12 

3.28 

40  25  30.7 

19.70 

—  .01 

67 

229 

i  Piscium,  (ist  *)  . 

5.3 

43  26 

3.21 

27  03  24.4 

19.69 

+  .03 

68 

228 

Cassiopeae  .... 

5.7 

43  27 

3.58 

63  35  36.9 

19.69 

-  -03 

69 

239 

Cassiopeae  .... 

5.1 

45  55 

3-53 

60  27  52.5 

19.63 

+  .05 

70 

242 

20  Ceti 

5.0 

46  52 

3.06 

-  I  47  45.7 

19.63 

—  .01 

71 

244 

Cassiopeae  .... 

5-0 

0  47  53 

+  3.51 

58  19  20.1 

+  19.62 

-  .09 

72 

247 

66  Piscium . 

'  5.8 

48 14 

3.16 

18  32  17.3 

19.61 

+  .04 

!  73 

250 

36  Andromedae  .... 

5.9 

48  33 

3.20 

22  58  42.9 

19.61 

.00 

‘  74 

253 

y  Cassiopeae  .... 

2.  i 

49  29 

3.57 

60  03  59.0 

19.59 

+  .02 

75* 

256 

k  Piscium . 

5.8 

49  32 

3.22 

26  33  30.0 

19.59 

*+•  .08 

76 

'  254 

D*  Cassiopeae  .... 

5.0 

49  32 

3.53 

58  31  58.0 

19-59 

• . . 

77 

1  259 

fi  Andromedae  .... 

4.1 

50  06 

3.30 

37  50  54.3 

19.58 

+  .05 

i  78 

1  264 

7j  Andromedae  .... 

4.5 

50  48 

3.19 

22  46  09.1 

19.56 

+  .01 

i  79*  i  26* 

Cassiopeae  .... 

5.8 

50  '56 

3.72 

65  42  II. 3 

19.56 

.00 

1  80 

267 

h  Piscium . 

5.8 

51 21 

3.23 

28  20  35.7 

19.55 

—  .01 

1  8* 

269 

Piscium . 

5.8 

0  51 37 

+  3.14 

13  02  48.0 

H-  19.55 

-  .05 

,  8* 

262 

Cephei . 

4-7 

52  36 

7.10 

85  36  44.1 

19.53 

.00 

i 

283 

39  Andromedae  .... 

6.3 

56 10 

3.35 

40  41  59*2 

19-45 

... 

84 

*  285 

a  Piscium . 

5-3 

56  IS 

3.27 

31  09  37.0 

19.44 

. . . 

1  S5 

288 

e  IPiscium  ..... 

4.2 

56  43 

3. II 

7  14  37.3 

19.44 

+  -03 

1  86 

♦ 

Cassiopeae  .... 

6.0 

56  56 

3.66 

60  56  .... 

19.44 

1  87 

* 

D.  M.  51°,  220  .  .  , 

5-8 

57  •• 

3-49 

51  51  .... 

19.44 

1  88 

295 

26  Ceti  (N.  star).  .  .  , 

6.0 

57  38. 

3.08 

0  43  22.2 

19.42 

-  .07 

1  89 

303 

73  Piscium . 

6.0 

58  40 

3. II 

5  00  46.4 

19.40 

—  .02 

305 

72  Piscium . 

5.6 

58  45 

3.16 

14  18  01.4 

19.40 

+  .05 

1  9« 

307 

yjfi  Piscium  (pr.)  .  .  . 

4.9 

0  59  15 

H-  3-21 

20  49  48.9 

+  19-39 

—  .02 

i  9* 

308 

^  Piscium  (sq.) 

5.8 

59  >6 

3.21 

20  49  20.9 

19.39 

-  .03 

j  93 

314 

fi  Cassiopeae  .... 

5.3 

I  00  18 

3.93 

54  19  51.0 

19.36 

-1-55 

94 

318 

41  Andromedae  .... 

5.3 

01  08 

3.42 

43  18  08.9 

19-35 

-  .04 

95 

322 

1/^  Piscium . 

5.5 

01  31 

3.21 

20  06  01.4 

19-34 

—  .10 

96 

320 

Cephei . 

5.4 

I  01  57 

4.91 

79  02  03.3 

19.32 

. .  • 

97 

328 

e  Piscium . 

5.5 

02  II 

3.08 

5  00  52.3 

19.32 

-  .19 

98 

330 

Ip  Andromfedae .... 

4.5 

02  32 

3-45 

46  36  05.8 

19-31 

+  .02 

99 

327 

31  Cassiopeae  .... 

5.8 

02  33 

3-97 

68  08  23.0 

19-31 

—  .01 

100 

334 

0  Andromedae  .... 

2.4 

03  01 

3.34 

34  59  02.9 

19.30 

-  -.09 
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No. 

B.A.C. 

Constellation. 

Mag. 

A.  R.  1880. 

Annual 

Variation. 

Declination 

1880. 

Annual 

Precession. 

Proper 

Motion. 

h. 

m.  s. 

s. 

0 

1 

II 

lOI 

336 

Piscium  . 

. 

5.5 

1 

03  25 

4-  3.21 

19 

01 

14.2 

+ 

19.29 

.00 

102* 

335 

Cassiopeae  . 

5.8 

03.7 

3.81 

63 

34 

.... 

19.28 

... 

103 

339 

Cassiopeae  . 

4.6 

03  48 

3.61 

51 

30 

40.4 

19.28 

104* 

,  , 

Piscium  . 

5.8 

03.8 

3.24 

24 

50 

.... 

19.28 

... 

105 

338 

32  Cassiopeae  . 

5.8 

03  53 

3.78 

64 

22 

48.8 

19.28 

— 

.01 

106 

344 

33 

Ceti  .  .  . 

6.0 

04  23 

3.08 

I 

48 

23.6 

19.27 

— 

.02 

107 

343 

45 

Andromedae  . 

5-8 

04  25 

3.31 

37 

05 

08.5 

19.27 

.06 

108 

345 

g 

Piscium  .  . 

5.3 

04  30 

3.30 

30 

47 

08.2 

19.26 

.03 

109 

348 

X 

Piscium  . 

4.6 

05  00 

3.21 

20 

23 

45-9 

19.25 

— - 

.01 

no 

349 

T 

Piscium  . 

4.2 

05  03 

329 

29 

27 

07.6 

>9.25 

— 

•03 

III 

365 

0 

Piscium  . 

4-5 

I 

07  14 

+  3.25 

23 

56 

54.0 

19.20 

+■ 

.03 

II2 

368 

c 

Piscium  (ist  *) 

4.9 

07  28 

3.13 

6 

56 

24.8 

19.19 

— 

.06 

II3 

363 

Cassiopeae 

6.0 

07  36 

4.20 

71 

06 

29.9 

19.19 

.02 

114 

374 

38  Ceti  .  .  . 

5.7 

08  41 

3.05 

—  I 

36 

58.0 

19.16 

+ 

.21 

II5 

388 

f 

Piscium  . 

5.2 

II  36 

3.09 

2 

58 

56.5 

10.08 

— 

.02 

II6 

395 

V 

Piscium  . 

4.5 

12  52 

3.28 

26 

37 

58.9 

19.06 

+ 

.05 

II7 

3<)3 

Cephei 

5-8 

13  16 

5.08 

78 

05 

48.6 

19.04 

... 

118 

400 

42 

Ceti  .  .  . 

5.8 

13  40 

307 

—  1 

08 

22.5 

19.02 

— 

.01 

iig 

401 

1 

Piscium  . 

4.9 

14  29 

3-30 

28 

06 

39-7 

19.00 

— 

.05 

120 

360 

a 

Ursae  Minoris 

2.1 

14  46 

21.64 

88 

40 

08.9 

18.99 

.00 

121 

404 

Andromedae  . 

4.9 

1 

15  17 

+  3-50 

44 

53 

57.7 

18.98 

- 

.01 

122 

409 

47 

Andromedae  . 

5.8 

16  49 

3-42 

•37 

05 

17.9 

18.94 

+ 

.02 

123 

412 

i' 

Cassiopeae 

5-0 

17  28 

4.15 

67 

30 

10.3 

18.92 

.02 

124 

416 

(5 

Cassiopeae 

2.7 

17  59 

3.87 

59 

36 

39-4 

18.90 

— 

.04 

125 

425 

Andromedae  . 

6.2 

19  16 

3.50 

v42 

50 

05.4 

18.86 

— 

.04 

126 

427 

P 

Piscium  . 

5.1 

19  47 

3.22 

18 

32 

49-3 

18.85 

.02 

127 

431 

94 

Piscium'  . 

5.8 

20  13 

3.23 

18 

37 

06.2 

18.84 

— 

.01 

128 

432 

(j 

Andromedae  . 

5.1 

20  29 

3*56 

44 

47 

II. 8 

18.83 

— 

.10 

129* 

.  . 

D.  M.  40“,  289 

5.8 

20.5 

3.47 

40 

29 

18.83 

... 

130* 

•  • 

Cassiopeae  . 

6.0 

22.5 

4. II 

165 

29 

.... 

18.77 

131 

441 

Andromedae  . 

5.5 

I 

22  54 

-h  3-56 

46 

23 

15.9 

+ 

18.75 

- 

.03 

132 

448 

P 

Piscium  . 

4.9 

23  54 

3.14 

5 

31 

26.7 

18.72 

— 

.18 

133 

453 

V 

Piscium  . 

3-9 

25  04 

3.20 

'  14 

43 

37.0 

18.69 

-H 

.02 

i 

134 

456 

X 

Cassiopeae  . 

5.6 

26  06 

3.87 

58 

36 

55.6 

18.65 

— 

.03 

135  1 

468 

40 

Cassiopeae  . 

5.2 

28  57 

4.66 

72 

25 

39-5 

18.56 

+ 

.02 

136 

480 

V 

Andromedae  . 

4.3 

29  46 

3.49 

40 

48 

17.3 

18.54 

— 

•37 

137 

482 

Cassiopeae 

5.8 

30 17 

3.87 

57 

21 

55.7 

18.52 

... 

138 

487 

V 

Persei .  .  . 

3.8 

30  38 

3.65 

48 

01 

10.5 

18.51 

— 

.14 

139 

488 

TT 

Piscium  . 

* 

5.6 

30  44 

3-17 

11 

31 

38.6 

18.50 

+ 

.03 

140 

492 

X 

Andromedae  . 

5.2 

32  09 

3*57 

43 

46 

30.3 

18.45 

... 

141 

501 

Andromedae  . 

5.9 

I 

33  28 

-h  3.56 

42 

41 

25.8 

-H 

18.41 

... 

142 

502 

T 

Andromedae  . 

5.6 

\ 

33  30 

3.52 

39 

58 

05.5 

18.41 

— 

.09 

143 

499 

42 

Cassiopeae  . 

5.6 

33  39 

4.55 

70 

00 

54.5 

18.40 

— 

.02 

144 

510 

Andromedae  . 

5.2 

34  29 

3.63 

42 

00 

40.2 

18.37 

— 

.06 

145* 

,  . 

D.M.  25°,  276 

. 

. 

. 

5.8 

34.6 

3.32 

25 

08 

.... 

18.37 

... 

146 

514 

Trianguli . 

5.8 

34  53 

3-37 

29 

26 

24.2 

18. 30 

4- 

.14 

147 

516 

Trianguli . 

5.8 

35  08 

3.45 

34 

38 

22.6 

18.35 

... 

148 

518 

V 

Piscium  . 

4.7 

35  n 

3.12 

4 

52 

47.0 

18.35 

— 

.04 

149 

515 

44 

L  Cassiopefc  . 

5.7 

35  «3 

4.02 

59 

56 

42.2 

18.35 

— 

.03 

150 

523 

107  Piscium  .  . 

5-3 

35  59 

3-25 

19 

41 

05.1 

18.32 

.66 

Digitized  by  i^ooQle 


THE  UNITED  STATES  COAST  SURVEY. 


89 


CATALOGUE  OF  STARS  FOR  OBSERVATIONS  OF  LATITUDE. 


No. 

■  ** 

B.  A.  C. 

Constellation. 

Mag. 

A.  R.  18S0. 

Annual 

Variation. 

j  Declination 

1  18S0. 

Annual 

'  Precession 

1  Proper 
'  Motion. 

h.  m.  s. 

s. 

0  / 

tt 

I5I 

522 

t 

Persei. 

4.5 

I  3b  09 

+  3-73 

50  05  00. I 

4-  18.31 

-  .03 

152 

537 

0 

Piscium  . 

4.3 

39  04 

3.16 

8  33  11.4 

18.21 

4-  .0  4 

153 

544 

D.  M.37°,  372  . 

5.8 

4*  34 

3.51 

37  21  17.5 

t  18.12 

4-  .01 

154 

546 

4 

Arietis 

5.8 

4*  40 

3.25 

16  21  28.2 

i3.li 

4-  .04 

*55 

556 

I 

Arietis 

5.8 

43  3* 

3-31 

1  21  40  44.4 

18.04 

4-  .09 

156 

558 

I 

Persei .... 

5.6 

44  07 

3.90 

1  54  33  07.1 

'  18.02 

-  .05 

157 

561 

Arietis 

5.6 

.  44  30 

3.17 

1  10  26  54.0 

1  18.00 

-  .07 

158 

564 

e 

Cassiopeas 

3.4 

45  47 

4.25 

63  04  41.7 

17.96 

*59 

566 

55 

Andromedae  . 

5.6 

1  46  05 

3.57 

40  08  1 1 . 5 

17.94 

-  .05 

160 

569 

a 

Trianguli. 

3.5 

46 15 

3.40 

28  59  37.3 

17.94 

—  .21 

I6i 

568 

a 

Cassiopeas  . 

5.1 

I  46  42 

+  4.56 

68  05  40.3 

4-  17.92 

-  .03 

162 

572 

y 

Arietis  (North  Star) 

3.8 

46  57 

3.28 

18  42  17.5 

17.9* 

—  .11 

163 

574 

Piscium  .  . 

4.3 

47  21 

3. 10 

2  35  39-* 

17.89 

—  .08 

164 

577 

Arietis  .  . 

2.6 

48  01 

3.30 

20  13  15.2 

17.87 

-  .09 

*65 

579 

56 

Andromedx  (pr.) 

5.8 

48  49 

3-54 

36  41  19.4 

17.84 

4-  .01 

166 

580 

56 

Andromedae  (sq.) 

5.8 

49  02 

3.54 

36  39  45-5 

17-83 

4-  .04 

167 

592 

1 

Arietis 

5.5 

50  48 

3.26 

17  13  52.7 

17.76 

-  .04 

168 

'  588 

Cassiopeae 

5.8 

50  48 

4.35 

64  02  12.3 

17.76 

... 

169 

593 

A 

Arietis 

4.9 

5*  *3 

3.33 

23  00  36.1 

17.74 

... 

170 

595 

A 

Cassiopeae 

4.6 

52  08 

4-83 

70  19  26.0 

17.70 

—  .01 

*7* 

597 

47 

Cassiopeae 

5.* 

I  53  09 

+  5-78 

76  42  12. I 

+  17.66 

—  .02 

172 

6cx> 

50 

Cassiopeae 

4.1 

53  13 

4.99 

71  50  22.1 

17.66 

.00 

*73 

610 

52 

Cassiopeae 

5.8 

53  57 

4.40 

64  19  15.5 

17.62 

—  .02 

*74 

608 

49 

Cassiopeae 

5.1 

54  06 

5.54 

75  32  *3-2 

17.62 

4-  .02 

*75 

6ii 

53 

Cassiope® 

5-9 

54  08 

4.37 

63  48  35-0 

17.62 

4-  .02 

*76 

614 

,4 

Persei. 

1  4.9 

54  >9 

3.95 

53  54  23.7 

17.61 

4-  .01 

*77 

625 

1  a 

Piscium  (sq.) 

3.6 

55  50 

3.09 

2  II  00.3 

17.55 

—  .02 

178 

624 

e 

1 

Trianguli  . 

1 

55  58 

3. *19 

32  42  1S.4 

17.54 

... 

*79 

628 

^  y 

Andromed®  . 

2.2 

56  32 

3.65 

41  45  10.8 

*7.52 

—  .06 

180 

630 

1 

!  *0 

Arietis 

5.7 

56  5t 

3.39 

25  21  22.2 

17.50 

!  -  .  03 

181 

633 

1  60 

Ceii  .... 

5.7 

I  57  02 

4-  3-o8 

—  0  27  02.5 

4-  17.50 

—  .02 

182 

644 

1 

1  « 

Arietis 

5.5 

59  5t 

3.35 

22  04  32.9 

*7.38 

4-  .04 

183 

648 

Arietis 

2.2 

2  00  25 

3.37 

22  53  39-7 

17.35 

-  .13 

*84 

649 

1 58 

Andromed®  . 

5.0 

01  *5 

3.60 

37  17  21.2 

1  17.3* 

-  -03 

*85 

653 

1 

1 

Persei .... 

5.8 

02  05 

3-95 

53  *6  3*-i 

17.28 

—  .02 

x86 

656 

Trianguli . 

3.* 

02  24 

3.55 

34  25  08.3 

17.26 

-  .05 

187 

657 

*4 

Arietis 

4.9 

02  36 

3-40 

25  22  15.3 

*7.25 

—  .08 

188 

,  665 

*5 

Arietis 

5.7 

03  59 

3-3* 

18  56  00.8 

*7. *9 

-  .05 

1 89  668 

55 

Cassiope® 

6. 1 

05  05 

4.62 

65  57  38.8 

17. *4 

.00 

190  675 

6 

Trianguli  (ist  star) 

.  .  i 

5.0 

05  25 

3.47 

29  44  23.9 

*7.13 

-  .05 

*9* 

676 

b 

Andromed®  . 

4.9 

2  05  42 

4-  3.74 

43  40  04.0 

4-  *7.** 

-  .04 

192 

682 

V 

Arietis 

5.4 

06  05 

3.34 

20  38  47.0 

17.09 

4-  .01 

*93 

683 

*9 

Arietis 

5  7 

06  31 

3.26 

14  43  00.8 

*7.07 

—  .02 

*94 

684 

Ceti  .... 

4.5 

06  38 

3.17 

8  16  58.7 

17.07 

—  .01 

*95 

691 

7 

Trianguli. 

5.2 

08  51 

3.53 

32  48  01.6 

16.97 

—  .01 

196 

693 

21 

Arietis 

5.7 

08  54 

3.39 

24  29  09.5 

16.96 

-  .07 

*97 

697 

6 

Trianguli. 

• 

5.0 

09  44 

3.64 

33  40  27.7  1 

16.93 

-  .25 

198 

698 

y 

Trianguli. 

4.2 

10  11 

3-55 

33  *7  ^0-4 

16.90 

—  .02 

*99 

707 

Arietis 

5.7 

II  27 

3-33  ' 

19  20  42.9 

16.84 

—  .01 

200 

706 

c 

Andromed®. 

•  • 

5.6 

*1  33 

3-84  1 

46  49  3*-2 

16.84 

—  .02 

S.  Ex.  37 - 12 
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No. 

B.  A.C. 

Constellation. 

Mag. 

A.  R.  1880. 

Annual 

Variation. 

Declination 

1880. 

Annual 

Precession. 

Proper 

Motion. 

_ 

V 

h.  m.  s. 

s. 

0  # 

n 

u 

201 

708 

Ceti  . 

5-7 

2  II  47 

+  3-10 

I  11 

22.6 

4- 

16.83 

4- 

.36 

202 

710 

10 

Trianguli 

5-4 

12  00 

3.47 

28  05 

17. 1 

16.82 

. . . 

203* 

.  . 

Arietis 

6.0 

12.2 

3.77 

22  37 

.... 

16.81 

. . . 

204 

721 

i 

Persei 

5.4 

14  00 

4.13 

55  17 

44.1 

16.82 

205 

729 

69 

Ceti 

5.5 

15  48 

3.07 

—  0  09 

12.7 

16.63 

- 

.05 

206 

732 

70 

Ceti  . 

5.5 

16  06 

3.05 

-  I  25 

54.7 

16.62 

- 

.03 

207 

731 

64 

Andromedas 

5-4 

16  27 

3-95 

49  27 

39-9 

16.60 

- 

.05 

20S 

735 

65 

Andromeda; 

4.9 

17  38 

3-97 

49  44 

02.7 

16.55 

- 

.06 

209 

745 

c 

Arietis 

5.3 

x8  23 

3.20 

10  03 

57-3 

16.51 

- 

.05 

2I0f 

744 

i 

Cassiope® 

4.4 

19  12 

4.85 

66  51 

40.8 

16.47 

— 

.02 

211 

75.2 

II 

Trianguli 

5.5 

2  20  21 

+  3-53 

31  15 

42.8 

+ 

16.41 

- 

.02 

2T2 

757 

12 

Trianguli 

5.3 

21  08 

3.50 

29  07 

57.8 

16.37 

- 

.09 

213 

760 

Ceti 

4.3 

21  47 

3.18 

7  55 

16.7 

16.33 

- 

.02 

214* 

.  . 

Arietis 

5.8 

22.4 

3-40 

22  56 

16.30 

...  j 

215 

772 

14 

Trianguli 

5.4 

24  47 

3-64 

SS  36 

49-7 

16. 18 

- 

.01  i 

216 

776 

Ceti  . 

5.6 

25  18 

309 

I  44 

05.8 

16. 16 

217 

773 

75 

Ceti  . 

5.5 

26  03 

3.05 

-  I  33 

56-4 

16. 12 

- 

.06  [ 

218 

777 

115 

Cassiopeae 

5.1 

26  39 

5.57 

72  17 

30- 1 

16.09 

4- 

.0.  1 

219 

•  • 

Persei 

5.8 

28  15 

3.67 

36  47 

10.2 

16.00 

.00 

220 

786 

15 

Trianguli 

5*4 

28  30 

3.62 

34  09 

47.0 

15.99 

.04 

221 

794 

V 

Ceti  .  . 

5.0 

2  29  35 

+  314 

5  04 

07-5 

4- 

15.93 

.03 

222 

798 

31 

Arietis  . 

5.1 

30  05 

3.26 

II  55 

35-2 

15.91 

- 

.09 

223 

784 

Cephei 

5.7 

30  35 

8.21 

80  56 

16.6 

15.88 

.00 

224 

808 

V 

Arietis 

5.5 

32  00 

3.39 

21  26 

29.8 

15.80 

- 

.02 

225 

8ri 

6 

Ceti  .  . 

3.9 

33  20 

3.07 

—  on 

24.7 

15.73 

- 

.03 

226 

813 

33 

Arietis 

5.3 

33  40 

3-49 

26  32 

43.3 

15.71 

4- 

.01 

227 

816 

11 

Persei 

5.8 

34  28 

4.25 

54  35 

33.1 

15.67 

- 

.03 

228 

819 

Persei 

6.0 

34  32 

4.18 

53  00 

47.6 

15.66 

229 

821 

12 

Persei 

5.1 

34  41 

3.76 

39  41 

08.3 

15.66 

- 

.18 

230 

825 

H- 

Arietis 

5.6 

35  36 

3.37 

19  29 

57.4 

15.61 

— 

.01 

231 

827 

Persei 

4.3 

2  36  00 

+  4.06 

48  43 

09.8 

+ 

15.58 

- 

.  10 

232 

829 

H 

Persei 

5.7 

36 17 

3.89 

43  47 

08.6 

15.57 

- 

.01 

233 

831 

35 

Arietis 

4.9 

36  25 

3.50 

27  II 

44.1 

15.56 

+ 

.02 

-234 

837 

y 

Ceti  .  . 

3.4 

37  05 

3.10 

2  43 

45.3 

15.52 

— 

.15 

235 

842 

0 

Arietis 

5.8 

37  56 

3.30 

14  48 

08.9 

15.48 

- 

.07 

236 

844 

38 

Arietis 

4.9 

38  25 

3.26 

11  56 

23.1 

15.45 

- 

.  10 

237 

845 

Ceti  . 

4.1 

38  27 

3.23  * 

9  3<j 

22.8 

15.45 

- 

.05 

238 

!  861 

39 

Arietis 

4.9 

40  46 

3.55 

28  44 

52.9 

15.32  . 

— 

.11 

239 

866 

Arietis 

5.7 

41  47 

3*48 

24  41 

II. 3 

15.26 

— 

.01 

•  240 

867 

40 

Arietis 

6.0 

41  49 

3.35 

17  46 

57.3 

15.26 

— 

.02 

241 

863 

7 

Persei 

4.3 

2  41  57 

+  4.33 

55  23 

46.4 

4- 

15.25 

... 

242 

870 

Arietis 

5.4 

42  36 

3.34 

16  57 

52.6 

15.21 

+ 

.02 

243 

872 

41 

Arietis 

3.7 

42  55 

3.51 

26  45 

53.4 

15.20 

— 

.13 

244 

871 

x6 

Persei 

4.6 

43  01 

3.76 

37  49 

26. 1 

15.19 

— 

.07 

245* 

.  . 

Persei 

6.0 

43.7 

3.99 

46  21 

.... 

15.15 

246 

877 

17 

Persei 

4.7 

44  07 

3.68 

34  33 

51.8 

15.13 

— 

.11 

247 

881 

a 

Arietis 

5.6 

*  44  52 

3.30 

14  35 

II. 4 

15.08 

— 

.05 

248 

885 

T 

Persei 

4.1 

45  45 

4.21 

52  16 

12. 1 

15.04 

— 

.01 

249 

888 

20 

Persei 

5.6 

46  08 

3.77 

37  50 

51.3 

15.01 

— 

.07 

250* 

•  • 

D.  M.  60®,  591  . 

5.8 

46.4 

4.68 

61  02 

.... 

14.99 

... 

f  Triple, 
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1 

No.  1 

B.A.C. 

Constellation. 

Mag. 

A.  R.  1880. 

« 

Annual 

Variation. 

Declination 

1880. 

Annual 

Precession. 

Proper  j 
Motion.  1 

h.  m.  s. 

s. 

0  f 

n 

n 

251 

897 

D.  658  . 

5.8 

2  48  27 

4.02 

146  40 

34.5 

+  14.87 

.00 

1  252 

901 

P 

Arietis  (pr.)  . 

6.0 

49  04 

3.36 

I17  50 

40.3 

14.84 

-h 

.01 

253 

904 

21 

Persei. 

4.9 

50  01 

3.62 

31  26 

59-8 

14.78 

.02 

,  ^^54 

896 

Cephei 

5.6 

50  12 

7.68 

78  56 

31.0 

14.77 

.01 

255 

912 

TT 

Persei. 

4.9 

51  05 

3.82 

39  10 

53.3 

14.72 

- 

.03 

256 

913 

47 

Arietis 

5.6 

51  13 

3-42 

20  II 

II. 2 

14.71 

- 

.03 

257 

9*5 

24 

Persei. 

5.2 

51 38 

3-70 

34  42 

01.5 

14.69 

- 

.07 

>  258 

914 

Persei. 

5.7 

5*  41 

4.04 

46  44 

18.5 

14.68 

.00 

*59 

918 

Persei. 

5.3 

52  20 

4.25 

51  52 

25.9 

14.65 

.05 

260 

921 

e 

Arietis 

4.4 

52  21 

3.42 

20  51 

34.1 

14.65 

- 

.02 

261 

908 

Cephei  .  . 

5.6 

2  53  12 

+  8.82 

8r  00 

II. 9 

+  14.59 

4- 

.02 

262 

929 

A 

Ceti  .... 

4.7 

53  *7 

3.22 

8  25 

42.5 

14.59 

- 

.03 

263 

941 

49 

Arietis 

5-6 

54  50 

3-52 

25  59 

II  .2 

14.50 

- 

.01 

264 

949 

a 

Ceti  .... 

2.6 

56  00 

3.13 

3  37 

04.6 

14.43 

- 

.09 

*  265 

947 

y 

Persei.  .  .  . 

3.1 

56  07 

4.30 

53  02 

06.7 

14.42 

.00 

266 

948 

k 

Persei.  .  . 

4.9 

56  3* 

4.46 

56 13 

59-2 

14.39 

+ 

.08 

*67* 

.  . 

Cassiopese  . 

6.0 

57.3 

4.95 

63  36 

.... 

14.34 

268 

953 

P 

Persei. 

var.  3. 5-4-0 

57  29 

3.82 

38  22 

28.3 

14.33 

- 

.08 

269 

957 

52 

Arietis  .  . 

5-6 

58  25 

3.51 

24  47 

12.6 

14.28 

- 

.03 

270 

955 

Cassiopese  . 

5.4 

58  58 

6.34 

73  56 

08.4 

14.25 

— 

.07 

271* 

1 

1  *  * 

Arietis  .  . 

5.4 

2  59.8 

+  3-29 

12  44 

.... 

+  14.19 

.  .  . 

272 

963 

p 

Persei. 

var.  2.3-4.0 

3  OC  22 

3.87 

40  29 

32.1 

14.  r6 

+ 

.01 

273 

962 

L 

Peisei. 

4.4 

00  25 

4.30 

49  09 

13.5 

14.16 

.00 

274 

967 

K 

Persei.  . 

4.0 

01  24 

4.02 

44  24 

05.7 

14.09 

— 

.15 

275 

974 

55 

Arietis 

5.8 

02  24 

3.60 

28  37 

03.5 

14.03 

+ 

.02 

276 

980 

Arietis 

6.0 

03  20 

3-55 

26  26 

07.9 

13.97 

... 

277 

981 

o> 

Persei. 

1  4.8 

03  33 

3.85 

39  09 

16.6 

13.96 

4- 

.02 

278 

1  960 

Cephei 

1  5.8 

04  08 

13.03 

84  28 

53.5 

*3.92 

- 

.12 

279 

986 

S 

Arietis  .  . 

i  4-3 

04  46 

3.42 

19  16 

18.4 

13.88 

.00 

280 

1  994 

94 

Ceti  .... 

i  ■ 

06  39 

3.06 

-  I  38 

46.4 

13.76 

- 

.08 

281^ 

h- 

Persei. 

5.8 

3  06.6 

+  4. *55 

5h  4* 

.... 

+  13.77 

! 

282 

995 

Persei. 

5.3 

07  38 

4.26 

50  29 

28.0 

13.70 

.00 

2S3 

,  999 

c 

Arietis  .  . 

1  4.6 

08  00 

3.44 

20  35 

55.7 

13.68 

- 

.07 

284* 

I 

Persei.  .  . 

5.7 

08  02 

3.64 

30  06 

31.9 

13.68 

. . . 

285 

1  lOOI 

1 

Camelopardalis  . 

4.6 

09  27 

5.19 

65  12 

41.0 

13.58 

- 

.03 

286 

1006 

1  30 

Persei.  , 

5.8 

09  43 

4.01 

43  34 

57.3 

13.57 

- 

.04 

287 

1007 

29 

Persei. 

5.5 

10  05 

4.25 

49  46 

51.4 

13.54 

- 

.06 

288 

1  lOI  I 

3* 

Persei .... 

5.5 

10  36 

4.24 

49  39 

17.3 

*3.5* 

— 

.04 

289 

1  1017 

Persei .... 

4.9 

II  14 

3.74 

33  46 

52.3 

13.47 

- 

.07 

290 

1023 

59 

Arietis  .  .  . 

5.8 

12  46 

3.57 

26  38 

10.2 

13.37 

— 

.02 

1  291 

1028 

I 

1 

Ceti  .... 

5.1 

3  13  04 

+  3. *4 

2  55 

39-9 

+  13.35 

- 

.02 

1  392 

1025 

Arietis 

5.0 

1  13  06 

3.64 

28  36 

43.5 

13.35 

- 

.06 

293 

1026 

1 

Persei. 

5.2 

13  24 

4.00 

42  53 

40.3 

13.33 

— 

.01 

:  294 

1030 

Camelopardalis  . 

5.8 

14  i6 

5.15 

64  09 

15.3 

13.27 

- 

.09 

295 

1034 

T 

Arietis 

4.9 

14  18 

3.45 

20  42 

48.0 

13.27 

— 

.03 

1  296 

1040 

62 

Arietis 

5.5 

15  00 

3.59 

27  10 

34.1 

13.22 

.00 

1  *97 

1043 

€l 

Persei.  .  . 

2.0 

•  15  46 

4.25 

49  25 

5h.5 

13.17 

— 

.05 

298 

1045 

63 

Arietis  .  .  . 

5.0 

15  51 

3.44 

20  18 

41.6 

13.17 

— 

.02 

'  *<»* 

1 

Persei .... 

5.6 

17  .. 

3.73 

33  06 

13.09 

... 

300 

1  1052 

64 

Arietis 

5.6 

17  13 

3.53 

24  17 

51.3 

13.08 

.07 
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No. 

B.  A.C. 

Constellation. 

Mag. 

A.  R.  1880. 

Annual 

Variation. 

Declination 

18S0. 

Annual 

Precession. 

Proper 

Motion. 

h.  m.  s. 

s. 

0  »  •• 

301 

1053 

65  Arietis . 

5.6 

3  17  31 

+  3-45 

20  22  35.5 

+  13.06 

—  .02 

302* 

Tauri . 

6.0 

17.6 

3.29 

12  12  .... 

13.05 

303 

1057 

ro  Tauri . 

3.8 

18  21 

3.22 

8  36  19.9 

13.00 

-  .10 

304 

1058 

Camelopardalis  . 

4.5 

19  22 

4.81 

59  31  M-8 

12.93 

+  .04 

305 

1059 

Persei . 

5.4 

19  32 

4.24 

48  38  32.6 

12.92 

-  .06 

306 

1062 

Camelopardalis  . 

4.9 

20  20 

4.75 

58  27  40.2 

12.87 

+  .03 

307 

1068 

^  Tauri  .  .  .  .  . 

3.9 

20  40 

3  24 

9  18  46.8 

12.84 

—  .04 

308 

1066 

34  Persei . 

51 

20  47 

4.26 

49  05  29.5 

12.84 

—  .06 

309* 

.  , 

Persei . 

5-8 

20.8 

3-75 

33  23  .... 

12.84 

... 

310 

1065 

Camelopardalis  . 

4.8 

20  52 

4-54 

55  02  03.9 

12.83 

—  .12 

311 

1069 

66  Arietis . 

5.9 

3  21  26 

+  3-50 

22  23  20.2 

-f  12.80 

-  .14 

312 

1071 

a  Persei  ..... 

4.6 

22  07 

4.20 

47  34  45-4 

12.75 

.00 

313 

1084 

s  Tauri . 

5.2 

23  51 

3.27 

10  55  23.9 

12.63 

-  .05 

314* 

Tauri . 

5-6 

24.1 

3  60 

27  09  .... 

12.62 

•  •  • 

315 

1083 

36  Persei . 

5-5 

24  08 

4.13 

45  38  54.6 

12.61 

-  .08 

316 

1087 

f  Tauri . 

4.2 

24  15 

3  31 

12  31  27.6 

12.60 

-  .03 

317* 

Camelopardalis  . 

6.0 

24.5 

4.53 

54  33  ...• 

12.58 

... 

318* 

,  , 

Persei . 

5-8 

25.0 

3.80 

35  03  ... . 

12.55 

1 

319 

,  , 

Persei . 

5.8 

25  41 

3.93 

39  39  38.8 

12.50 

... 

320 

1061 

Cephei . 

5.6 

27  38 

21.67 

86  15  56.3 

12.37 

321 

1099 

t//  Persei . 

4.6 

3  *7  58 

+  4-24 

47  47  29.9 

+  12.35 

-  .04 

322 

1112 

10  Tauri . 

4.3 

30  45 

3.06 

0  01  10.4 

•  12.16 

-  .5* 

323 

irii 

Camelopardalis  . 

5-3 

31  45 

5.15 

62  49  33-3 

12.09 

4*  .  08 

3*4* 

Tauri . 

6.0 

32.0 

3.47 

20  3 I  .... 

1 

12.07 

I 

325 

1119 

Tauri . 

1 

32  39 

3-39 

16  08  40.6 

12.04 

1  -  .06  ‘ 

326* 

1117  1 

Camelopardalis  . 

6.0 

32  49 

4.89 

59  35  .... 

12.01 

1 

327 

1123 

Persei . 

5.6 

33  20 

3.91 

37  n  30.7 

11.98 

+  .07 

328 

1128 

12  Tauri . 

'  5.8 

33  36 

'  3-12 

2  39  56.0 

11.96 

+  .01 

329 

1129 

tJ  Persei . 

3-2 

34  23 

4.24 

1  47  24  08.2 

11.90 

j  -  .05  1 

330 

1132 

40.  Persei . ^ 

!  4.9 

34  46 

3.79 

i  33  34  43.5 

11.87 

.00  ^ 

331 

1135 

13  Tauri . •  . 

i 

3  35  24 

+  3-45 

i 

19  18  53.0  1 

+  11.83 

—  .01 

332 

1133 

Camelopardalis  ... 

5.3 

35  33 

5.19 

1  t>2  57  47.1 

1 

11.82 

-  .07 

333* 

Camelopardalis  . 

5.2 

36.8 

,  6.14 

70  30  ... . 

11.73 

1 

334 

.  . 

Persei . 

5.6 

1  36  46 

3.86 

36  04  48.1 

11.73 

335 

1138 

380  Perse  . 

3.9 

36  48 

3.74 

31  54  25.2 

11.73 

+  .03 

336 

1140 

14  Tauri’ . 

6.0 

36  51 

3.46 

1  19  17  03.8 

”•73 

-  .05  i 

337 

1139 

V  Persei . 

4.0  j 

37  03 

4.05 

1  42  II  52.3 

II. 71 

-  .03 

338 

1137  i 

Camelopardalis  . 

4.3  i 

37  43 

6.22 

70  57  36.8 

11.67 

-  -03 

339 

1147 

17  Tauri . 

4.5 

37  45 

3.55 

1  23  44  04.9. 

11.66 

—  .04 

340 

1151 

q  Tauri . 

4.9 

38  04 

3.56 

24  05  22.2 

11.64 

—  .06 

34r 

1153 

24  Eridani . 

5.4 

3  38  25 

+  3.04 

-  I  32  33-4 

+  11.62 

—  .01 

342 

1144 

Camelopardalis  . 

4.6 

38  33 

5-42 

65  09  II.O 

II. 61 

—  .01 

343 

1154 

20  Tauri . 

4.8 

38  41 

3-56 

23  59  28.9 

11.60 

-  .04 

344 

1161 

23  Tauri . 

4.6 

39  >2 

3.55 

23  34  23.9 

11.56 

-  .03 

345  ! 

1162 

u  Tauri . 

5.4 

39  18 

3.18 

5  40  22.6 

H.56 

-  .04 

346* 

.  , 

Persei . 

6.0 

39  28 

4.39 

50  21  46.0 

11.54 

... 

347 

1166 

Tauri . 

2.8 

.  40  21 

3.55 

23  43  58.0 

11.48 

—  .06 

348 

1174 

e  Tauri . 

5.0 

41  41 

3.28 

10  46  21.1 

11.38 

-  .05 

349 

1172 

Persei . 

6.0 

41  43 

4.16 

44  35  59-7 

11.38 

.00 

350 

1175 

n  Persei . 

5.5 

41  58 

3.78 

32  43  19.5 

11.36 

—  .01 
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CATALOGUE  OF  STARS  FOR  OBSERVATIONS  OF  LATITUDE. 


No. 

B.A.C. 

Constellation. 

Mag. 

A.  R.  1880. 

Annual 

Variation, 

Declination 

1880. 

Annual 

Precession. 

Proper 

Motion. 

h.  m.  s. 

s. 

0 

f 

ff 

9$ 

351 

1176 

27 

Tauri . 

4.2 

3  42  02 

+ 

3.55 

23 

41 

05.8 

11.36 

— 

.07 

352 

1192 

Tauri . 

5-8 

43  06 

3.60 

25 

12 

54.1 

11.28 

— 

.25 

353*i 

•  - 

Camelopardalis  . 

6.0 

44  .. 

4.82 

57 

36 

.... 

II. 21 

... 

354 

1207 

C 

Persei . 

2.9 

46  35 

3.78 

31 

31 

33.4 

11.02 

— 

.02 

355 

1203 

Camelopardalis  . 

5.4 

46  51 

5.22 

62 

43 

07.4 

II. 01 

.05 

356 

1204 

Camelopardalis  . 

5.7 

46  55 

5.07 

60 

45 

21.2 

II. 00 

.06 

357 

1210 

Persei . 

5.7 

47  20 

4.29 

47 

31 

02.1 

10.97 

.00 

358 

1214 

A 

Persei . 

5.6 

47  41 

4.43 

50 

20 

45.5 

10.94 

— 

.16 

359 

1221 

32 

Tauri  ...... 

5.8 

49  47 

3.54 

22 

07 

50.4 

10.79 

— 

.14 

360 

1219 

£ 

Persei . 

3.1 

49  48 

4.00 

39 

39 

41.5 

10.79 

— 

.03 

361 

I2II 

Cephei . 

4.9 

3  50  01 

9.72 

80 

21 

53.9 

-h 

10.77 

.05 

362 

I22S 

Persei . 

4.1 

51  II 

3.88 

35 

26 

40.3 

10.69 

— 

.04 

363 

1240  1 

Tauri . 

5.8 

53  54 

3.44 

17 

51 

14.9 

10.49 

— 

.03 

364* 

1 

•  •  1 

Camelopardalis  . 

5.8 

54.0 

5.94 

68 

20 

— 

10.48 

... 

365 

1241  j 

A 

Tauri . 

var.  3. 5-4.0 

54  02 

3.32 

12 

09 

00.3 

10.48 

— 

.02 

366 

1237 

Camelopardalis  . 

5.1 

54  28 

4.95 

58 

49 

II. 8 

10.44 

— 

.01 

367* 

1244 

Tauri . 

5-7 

55  13 

3.27 

9 

39 

35.0 

10.39 

... 

368 

1245 

35 

Eridani . 

5.4 

55  27 

3.03 

—  I 

53 

15. 1 

10.37 

— 

.05 

369 

1251  ! 

V 

Tauri . 

4.1 

56  46 

3.19 

5 

39 

1S.7 

10.27 

— 

.01 

370 

1  1253 

36  Tauri  ...... 

5.9 

57  II 

3.58 

23 

46 

27.5 

10.24 

-H 

.01 

371 

1 

D.  M.  53”,  732  ..  . 

5.8 

3  57 16 

+ 

4.63 

53 

41 

01.4 

+ 

10.23 

... 

1  372 

, 

« 

Tauri . 

5.7 

57  26 

3-22 

7 

51 

50.7 

10.22 

... 

1  373 

1257 

A 

Tauri . 

4.3 

57  37 

3.53 

21 

45 

08.6 

10.20 

— 

.09 

'  374 

1254 

A 

Persei . 

4.7 

57  38 

4.44 

50 

01 

25.0 

10.20 

— 

.06 

1  375*  .  .  ; 

Tauri . 

5.7 

57.9 

3.12 

2 

30 

.... 

10.19 

... 

1  376 

1 

1262 

41 

Tauri . 

51 

59  15 

3*67 

27 

16 

31.0 

10.08 

— 

.02 

;  377 

;  126s 

Tauri . 

5.3 

59  36 

1 

3.70 

28 

40 

31.9 

10.06 

+ 

.02 

378*  .  . 

D.  M.  54,  740  •  •  • 

5.8 

59-9 

4.70 

54 

30 

.... 

10.04 

... 

1  379 

1266 

c 

Persei . 

4.5 

49  57 

4.33 

47 

23 

24.9 

10.03 

— 

.05 

380 

1268 

49 

Persei . 

5-7 

4  00  20 

3.95 

37 

24 

40.2 

10.00 

— 

.14 

381 

1247 

Cephei . 

5.1 

4  00  32 

4-13.26 

83 

30 

36.0 

-h 

9.98 

.. . 

382 

'  1269 

50 

Persei . . 

5.5 

00  37 

3-99 

37 

43 

26.8 

9.98 

— 

.20 

383 

1272 

Tauri . 

5.6 

01  07 

3.43 

17 

or 

04.2 

9-94 

— 

.01 

'  384 

1279 

P 

Tauri  . . 

5.7 

03  32 

3.64 

26 

09 

59-3 

9.76 

.00 

385^ 

»  1263 

Cephei . 

5.1 

03  46 

12.65 

83 

03 

.... 

9-74 

... 

386 

I  1285 

45 

Tauri . 

5.8 

04  57 

3.19 

5 

12 

33.3 

9.65 

— 

.05 

337' 

*■' 

Tauri . 

6.0 

05-6  1 

3.43 

16 

58 

.... 

9.60 

... 

388 

i  1289 

D.M.22'",  649  .  .  . 

5.8 

05  44 

3.55 

22 

06 

13.0 

9-59 

-h 

.05 

389 

1287 

Persei . 

4.4 

06  05 

4.37 

48 

06 

08.1 

9-56 

— 

.06 

390*  .  . 

Persei . 

6.0 

06. 1 

3.98 

37 

39 

.... 

9-56 

... 

391 

^  1276 

Cephei . 

5.6 

4  06  14 

-hio.  12 

80 

32 

10.7 

9*55 

... 

392 

1286 

Camelopardalis  ... 

5.4 

06  20 

5.24 

61 

32 

46.6 

9-54 

.  — 

.01 

393 

I2gi 

f 

Persei.  .... 

4.9 

06  44 

4.07 

40 

10 

40.3 

9-51 

.07 

394 

1296 

6 

Tauri . 

5.4 

07  05 

3.22 

7 

24 

30.0 

9.48 

-h 

.01 

1 

'  395 

t 

i  *  * 

D.M.  12®,  564  .  .  . 

5.8 

07  09 

3.33 

12 

26 

49.9 

9.48 

... 

1  396 

1293 

Camelopardalis  . 

4.9 

07  21 

4-65 

53 

18 

28.8 

9.46 

— 

.06 

397 

129S 

47 

Tauri . 

4.9 

07  25 

3.26 

8 

57 

28.3 

9.46 

— 

.08 

1  398 

Tauri . 

5.5 

08  03 

3.27 

9 

43 

26.4 

9.41 

... 

399 

1  1304 

u 

Tauri . 

4.4 

09  01 

3.25 

8 

35 

25.9 

9-34 

.02 

'  400 

1  1301 

b 

Persei . 

5.0 

09  14 

4.49 

49 

59 

54.4 

9-32 

.05 
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CATALOGUE  OF  STARS  FOR  OBSERVATIONS  OF  LATITUDE. 


No. 

B.A.C. 

Constellation. 

Mag. 

A.  R.  1880. 

Annual 

Variation. 

Declination 

1880. 

Annual 

Precession. 

Proper 

Motion. 

h.  m.  s. 

s. 

0 

# 

0 

tt 

401 

1300 

Camelopardalis  .  .  . 

5.8 

4  09  24 

H- 

5-58 

64 

50 

41.2 

9-31 

— 

.03 

402 

1307 

D.  M.  49®,  1155  .  .  . 

5.8 

lo  13 

4.47 

49 

45 

17.7 

9-25 

... 

403 

1311 

0 

Tauri . 

5.3 

10  14 

3-51 

20 

16 

53-6 

9*25 

- 

.06 

404 

1316 

51 

Tauri  ...... 

5.8 

II  17 

3.54 

21 

17 

04.9 

9.24 

- 

.05 

405 

1313 

Camelopardalis  . 

5.5 

II  23 

5.18 

60 

26 

53.6 

9.23 

- 

.07 

406 

1324 

56 

Tauri . 

5.7 

12  30 

3.55 

21 

28 

58.0 

9.06 

- 

.01 

407 

1322 

54 

Persei 

5.2 

12  37 

3.88 

34 

16 

31.  I 

9.06 

- 

.04 

408 

1323 

d 

Persei . 

5.3 

12  52 

4.32 

46 

12 

36.9 

9.03 

- 

•05 

409 

1328 

7 

Tauri . 

4.0 

12  58 

3*41 

15 

20 

II  .6 

9-03 

- 

.00 

410 

1326 

9 

Tauri . 

5.3 

12  58 

3.67 

27 

03 

44.2 

9-03 

- 

.07 

41V 

1330 

h 

Tauri . 

5.6 

4  13  12 

+ 

3.38 

13 

44 

38.8 

+ 

9.01 

.01 

412 

.  . 

Tauri . 

6.0 

13  27 

3*47 

18 

27 

14.8 

8.99 

. . . 

413 

1332 

58 

Tauri . 

5.8 

13  48 

3-4P 

14 

48 

21.6 

8.96 

- 

.05 

4I4t 

1341 

X 

Tauri . 

5.5 

15  17 

3.64 

25 

20 

40.3 

8.85 

- 

.01 

415 

1343 

60 

Tauri . 

5.6 

15  18 

3.37 

13 

47 

31.0 

8.85 

- 

.01 

416 

1346 

6 

Tauri . 

4.1 

16  01 

3.46 

17 

15 

35.0 

8.79 

- 

•03 

417 

1350 

63 

Tauri . 

5.9 

16  32 

3-44 

16 

29 

44-7 

8.75 

4- 

.01 

418 

1349 

55 

Persei . 

5-8 

16  42 

3.88 

33 

51 

03.4 

8.73 

- 

.05 

419 

1352 

56 

Persei . 

5.9 

16  51 

3.88 

33 

40 

53-7 

8.72 

__ 

.08 

420 

1356 

64 

Tauri . 

5.1 

17  II 

3.45 

17 

09 

53-5 

8.70 

.00 

421 

1357 

r 

Tauri . . 

5.1 

4  17  19 

4- 

3.27 

9 

10 

48.3 

H- 

8.69 

— 

.05 

422 

1362 

K 

Tauri . 

4.5 

18  13 

3.57 

22 

01 

04.0 

8.62 

- 

•05 

423 

1363 

67 

Tauri . 

5.9 

18  16 

3.57 

21 

55 

26.1 

8.61 

- 

.02 

424 

1364 

Persei . 

5.2 

18  28 

3.81 

31 

09 

59.7 

8.59 

— 

.  12 

425 

1365 

68 

Tauri . 

4.8 

18  33 

3.46 

17 

39 

07.7 

8.59 

4- 

.01 

426 

1367 

V 

Tauri . 

4.6 

19  08 

3.58 

22 

32 

23.6 

8.54 

- 

•05 

427 

1369 

71 

Tauri . 

5.3 

19  31 

3.41 

15 

20 

38.2 

8.51 

- 

.04 

428 

.  . 

Camelopardalis  . 

1  5.8  ; 

19  37 

6.85 

72 

16 

03.0 

8.51 

429 

1370 

TT 

Tauri . 

4.9 

19  50 

3.38 

14 

26 

27.7 

8.49 

— 

.03 

430* 

•  • 

Tauri . 

6.0 

21.3 

3.78 

30 

07 

8.37 

... 

431 

1377 

75 

Tauri . 

5-5tt 

4  21  35 

+ 

3-42 

16 

05 

24.5 

+ 

8.35 

4- 

.04 

432 

1376 

c 

Tauri . 

3.8 

1  21  37 

3.50 

18 

54 

47.4 

8.35 

.01 

433 

1380 

Tauri . 

4.0 

21  43 

3.41 

15 

41 

40.5 

8.34 

- 

.02 

434 

1381 

Tauri . 

4.0 

21 48 

3.42 

15 

36 

12.5 

8.33 

- 

.02 

435 

1384 

b 

Tauri . 

5.0 

22  07 

3.36 

12 

46 

49.6 

8.31 

- 

.01 

436 

1386 

44 

Eridani . 

5.6 

1  22  20 

3.10 

I 

06 

47.8 

8.29 

4- 

.01 

437 

1382 

I 

Camelopardalis  . 

5.8 

22  32 

4.73 

53 

38 

52.0 

8.28 

- 

.01 

438 

1390 

80 

Tauri . 

6.3 

23  18 

3.41 

15 

22 

26.0 

8.21 

- 

.03 

439 

1391 

Tauri . 

4.9 

'  23  42 

3.43 

15 

55 

54.0 

8.18 

- 

.01 

440 

1392 

81 

Tauri ' . 

6.0 

23  48 

3.42 

15 

25 

45.6 

8.17 

- 

.01 

441 

1393 

83 

Tauri . 

5.6 

4  23  52 

+ 

3-37 

13 

27 

43-1 

+ 

8..17 

- 

.02 

442 

1403 

45 

Eridani . 

5.1 

25  44 

3.06  • 

0 

18 

II. 0 

8.02 

- 

.07 

443 

1409 

P 

Tauri . 

5.1 

27  02 

3.40 

14 

35 

26.2 

7.92 

- 

.03 

444 

1408 

Tauri  .  .  .  .  .  . 

5.6  ^ 

27  08 

3.75 

28 

42 

29.6 

7.91 

- 

.09 

445* 

.  . 

Tauri . 

5.8 

27.8 

3.19 

5 

19 

.... 

7.85 

446 

1414 

e 

Persei . 

4.4  i 

28  23 

4.14 

41 

ot 

00.3 

7.80 

- 

.01 

447 

1420 

a 

Tauri . 

1. 1 

29  02 

3-44 

16 

16 

00.3 

7.75 

- 

.17 

448 

1421 

d 

Tauri . 

4.4 

29  04 

3.29 

9 

54 

46.3 

7.75 

- 

.05 

449 

1424 

2 

Camelopardalis .  . 

5.5 

30  28 

4.73 

53 

14 

04.8 

7.63 

- 

.09 

450 

1425 

3 

Camelopardalis  . 

5.5 

30  28 

4.70  . 

52 

50 

18. 1 

7.63 

— 

•  03 

f  Double.  ff  Suspected  variable,  5.3,  D.  M.  4.9,  ^6.3. 
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CATALOGUE  OF  STARS  FOR  OBSERVATIONS  OF  LATITUDE. 


No,  :b.  A.C. 

Constellation. 

Mag. 

A.  R. 1880. 

Annual 

Variation. 

Declination 
1880.  1 

i 

h.  m.  s. 

s. 

0  t  •» 

45. : 

.431 

49 

Eridani  .... 

5.4 

4  3*  03 

+  3-09 

0  45  13.5 

452* 

■  - 

Tauri . 

5.8 

31.2 

3-53 

20  27  .... 

453  1 

1434 

c 

Tauri . 

4.2 

3*  27 

3.35 

12  16  07.2 

454 

1436 

<T 

Tauri  (pr.)  .  .  . 

5.4 

32  18 

3.42 

*5  33  43.5 

455  ■ 

*437 

er 

Tauri  (sq.)  .  .  . 

5.4 

32  25 

3.43 

15  40  44.0 

456 1 

•  • 

Persei  .... 

5.9 

32  27 

4.45 

48  03  57.6 

457* 

•  • 

Tauri . 

5.7 

32  36 

3.24 

7  37  53-2 

458 

1428 

Camelopardalis  . 

6.0 

3*  45 

7.98 

75  43  *0.2 

459 

1442 

93 

Tauri . 

5.5 

33  23 

3-34 

n  57  38.3  ■ 

460  1 

1444 

Tauri . 

5.2 

33  49 

3-75 

28  22  51.8 

461* 

.  - 

Persei  .... 

6. 1 

4  34  *5 

+  4.54 

49  44  32.8 

462 , 

1445 

59 

Persei  .... 

5.6 

34  24 

4.24 

43  08  05.3 

463 

1449 

T 

Tauri . 

4.6 

35  03 

3-59 

22  43  31. I 

464 

1460 

Orionis  .... 

* 

5.6 

37  47 

3.33 

10  55  16.8 

465 ; 

1448 

Cephei  .... 

5-2 

37  57  ' 

10.97 

80  59  22.2 

466 ' 

1456 

4 

Camelopardalis  . 

5.4 

38  01 

4.97 

56  32  29.8 

467* 

-  . 

Orionis  .... 

5.6 

39-4 

3.33 

11  29  .... 

468 

1470 

Camelopardalis  . 

. 

5.7 

40  51 

5.57 

63  17  54.3 

469 

*475 

Aurigae  .... 

5.8 

4*  33 

3.87 

32  22  34.2  i 

470* 

•  • 

Aurigae  .... 

5.5 

4*. 5 

3.83 

31  13  .... 

,  471 

1476 

I 

Aurigae  .... 

5-4 

4  4*  50 

+  4-03 

37  16  30.4 

472 

*474 

9 

Camelopardalis  .  . 

4.7 

42  08 

5.91 

66  08  10.8 

473 

*477 

Aurigas  .... 

5.9 

42  08 

4.50 

48  31  53.4 

474 

14S6 

Orionis  .... 

3.5 

43  20 

3.26 

6  45  00.5 

475 

I49t 

Orionis  .... 

4.3 

1  44  05 

3.27 

8  41  34.0 

476 

*493 

i 

Tauri . 

4.9 

44  21 

3.50 

18  38  02.4 

477 

1492 

2 

Aurigae  .... 

5.0 

44  36 

4.01 

36  29  56.0 

478 

*495 

TT® 

Orionis  .... 

4.0 

44  49  1 

i  3.19 

5  23  53.4 

479 

*494 

5 

Camelopardalis  . 

5.7 

45  *5 

4.88 

55  03  29.2 

480 

I  *497 

D.  M,  27®,  701  . 

5.8 

45  *8 

3.75 

27  41  42.3 

481 

'  1500 

40' 

Orionis  .... 

5.2 

4  45  45 

■h  3.39 

14  02  56.9 

482 

j  1508 

5 

Orionis  .... 

5.5 

47  07 

3. *3 

2  18  31.4 

483 

1504 

7 

Camelopardalis  . 

4.9 

47  40 

4.79 

53  33  27.7 

484 

.  *5*4 

TT* 

Orionis  .... 

3.9 

48  00 

3.12 

2  14  33.5 

485 

1516 

TT-* 

Orionis  .... 

5.1 

48  18 

3.30 

9  57  30.1 

486 

1  •  • 

Orionis  .... 

!  5.6 

48  19 

3.24 

7  35  01.6 

487 

1520 

1 

Aurigae-  .... 

3.1 

49  ** 

3.90 

32  58  28.1 

488 

.  . 

Cephei  .... 

6.0 

49  26 

20.42 

85  47  53.8 

489 

*525 

90» 

Orionis  .... 

4.8  : 

49  37 

3.37 

13  19  24.2 

490 

1526 

Tauri . 

5.3 

50  27 

3.47 

*6  57  51.7 

491 

1528 

k 

Tauri . 

5.8  ^ 

4  50  49 

H-  3.66 

24  5*  48.7 

492 

1530 

4 

Aurigae  .  .  . '  . 

5.7 

5*  07 

4.07 

37  42  24.7 

493 

1538 

TT® 

Orionis  .... 

4.7 

52  20 

3.** 

I  3*  43.1 

494 

1536 

10 

Camelopardalis  . 

4.3  : 

52  45 

5.31 

60  15  51.0 

495 

1540 

e 

Aurigae  .... 

var.  3.5-4. 4 

53  21 

4.29 

43  38  38.3 

496 

154* 

c 

Aurigae  .... 

3.8  ! 

54  05 

4.18 

40  53  56.9 

497 

1546 

11 

Camelopardalis  . 

5.4 

55  43 

5.20 

58  48  08.8 

498 

155* 

t 

Tauri . 

4.8  ; 

55  55 

3.58 

21  25  01.5 

499 

1549 

Camelopardalis  .  . 

1 

5.4  1 

57  *4 

7.48 

73  47  *7.9 

500 

1554 

9 

Aurigae  .... 

5.4 

57  *7 

4.68 

51  26  11.2 

Annual 

recession. 

Proper 

Motion. 

f  7-59 

—  .02 

7-58 

. . . 

7.56 

—  .01 

7.49 

—  .08 

7.48 

—  .01 

7.47 

... 

7.46 

... 

7.45 

—  .10 

7.40 

H-  .03 

7.37 

-  .04 

t-  7-33 

. . . 

7.32 

-  .07 

7.2^ 

—  .02 

7.06 

.00 

7.02 

.00 

7.02 

-  .17 

6.91 

... 

6.79 

-  .07 

6.72 

.00 

6.73 

... 

f  6.72 

+  .06 

6.69 

+  .01 

6.69 

*.00 

6.58 

—  .01 

6.52 

-  .04 

6.50 

-  .07 

6.48 

+  .01 

6.46 

-  .03 

6.42 

-  .09 

6.42 

-  .06 

^  6.38 

—  .08 

6.87 

-  .03 

6.22 

.00 

6.20 

.00 

6.17 

-  .18 

6.17 

... 

6.10 

—  .02 

6.08 

. .  . 

6.06 

-  .05 

6.00 

—  .01 

f  5.97 

—  .06 

5.94 

-  .09 

5.83 

+  .01 

5.80 

—  .02 

5.75 

1  .00 

5.69 

.00 

5.55 

5.53 

—  .06 

5.43 

-  -03 

5.42 

-  .15 
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No. 

B.  A.C. 

Constellation. 

Mag. 

A.  R.  18S0. 

Annual 

Variation. 

Declination 

18S0. 

Annual 

Precession. 

Proper 

Motion. 

h. 

m.  s. 

s. 

9 

- 

501 

1557 

II 

Orionis  . 

4.9 

4 

57  43 

+ 

3.42 

15 

14 

07.5 

-H  5.39 

— 

.01 

502 

1558 

V 

Aurigae  . 

3-4 

58  06 

4.19 

41 

04 

13.0 

5-35 

— 

.09 

503* 

.  . 

D.  M.  +  o“,  339 

5.8 

59.2 

3.10 

I 

01 

5.26 

504 

1568 

m 

Tauri  . 

5.1 

5 

00  22 

3.54 

18 

28 

56.8 

5.16 

H- 

.02 

505 

1570 

1 

Tauri  . 

5.4 

00  42 

3.55 

20 

15 

30.4 

5.13 

- 

.04 

506 

1572 

103  Tauri  . 

5.7 

00  48 

3.65 

24 

06 

19.7 

5.12 

+ 

.05 

507 

1584 

i 

Orionis 

5.8 

01  21 

3.26 

8 

20 

25.9 

5.08 

.06 

508 

1582 

Aurigae  . 

5.7 

01  47 

4.46 

46 

48 

43.7 

5.04 

- 

.  10 

509* 

.  . 

Tauri  .  . 

5.6 

02.2 

3.7^ 

27 

53 

5.00 

. . . 

510 

1590 

h 

Orionis  . 

•^.9 

02  44 

3.29 

9 

40 

24.7 

4.96 

- 

.11 

511 

1565 

Camelopardalis 

5.0 

5 

02  48 

9-74 

79 

05 

18.4 

+  4-95 

4- 

.05 

512 

1591 

15 

Orionis  . 

5.0 

02  50 

3.43 

15 

26 

33.7 

4.95 

-i- 

.02 

513* 

1585 

Camelopardalis 

5.7 

03  26 

7.35 

73 

07 

37.6 

4.88 

. . . 

514 

1601 

Orionis  . 

5.6 

04  48 

3.45 

15 

53 

42.9 

4.78 

.10 

515- 

1602 

Aurigae  . 

'5.2 

05  13 

4. 10 

38 

20 

26.5 

4.75 

.06 

516 

1611 

P 

Orionis  . 

4.9 

07  01 

3.1-4 

2 

43 

0(3. 7 

4.60 

- 

.01 

517 

1614 

14 

Aurigae  . 

5.4 

07  36 

3-90 

32 

32 

49.0 

4-54 

+ 

.02 

518 

1613 

a 

Aurig®  .  .  . 

0.3 

07  50 

4.42 

45 

52 

26.1 

4.53 

.43 

519 

.  . 

Orionis  . 

5.8 

0S.4 

3.19 

5 

01 

4.48 

. . . 

520 

Camelopardalis 

5.8 

09.2 

5. 58 

62 

31 

4.4. 

... 

521 

1624 

18 

Orionis  . 

5-9 

5 

09  24 

3-33 

I J 

iS 

17.9 

+  4-39 

+ 

.02 

522 

Aurigae  , 

6.0 

09  42 

4.27 

42 

39 

36.0 

4.37 

.00 

523 

1627 

16 

Aurigae  . 

5.1 

10  18 

3.93 

33 

14 

41. I 

4.31 

- 

.15 

524 

1631 

7. 

Aurig®  . 

4.9 

10  42 

4.20 

39 

59 

24.5 

4.28 

- 

.70 

525* 

.  . 

Aurig®  . 

5.8 

II. 8 

4.21 

40 

58 

4.19 

. . . 

526  ' 

1637 

n 

Tauri  . 

5.5 

12  04 

3.60 

21 

58 

16.5 

A .  16 

4- 

.03 

527 

1636 

19 

Aurig®  . 

5.6 

12  06 

3.95 

33 

49 

50.1  1 

:  4.i^> 

1  - 

.01 

528 

1642 

16 

Camelopardalis 

5.3 

13  II 

5.12 

57 

25 

30.5 

4.06 

1  _ 

.05 

529 

1645 

P 

Aurig®  . 

5.6 

13  19 

4-25 

41 

40 

58.8 

4.06 

- 

.03 

530 

1649 

D.  M.  29®,  869 

5.8 

13  35 

3.81 

29 

26 

41.5 

1  4.03 

- 

.  12 

531 

Aurig® 

5.9 

5 

14  25 

4- 

4.21 

40 

54 

33-8 

+  3.96 

.00 

532 

1660 

22 

Orionis  , 

4.9 

15  38 

3.06  I 

—  0 

30 

09.3 

!  3.86 

- 

.02 

533 

1663 

Aurig®  . 

5.5 

16  30 

4.07 

37 

16 

17.8 

3.78 

.00 

534 

1665 

m 

Orionis 

5.3 

16  32 

3.15 

3 

25 

38.8 

3.78 

- 

.01 

535 

1671 

II] 

[  Tauri  . 

5.4 

17  25 

3.50 

17 

16 

13.9 

i  3.71 

.00 

536 

1682 

P 

Orionis  . 

5.7 

[ 

18  23 

3.05 

—  I 

00 

29.4 

3.62 

!  + 

.  10 

537 

1685 

25 

Orionis  . 

5.0 

18  31 

3.12  : 

I 

44 

04.4 

3-^1 

.00 

538 

1687 

7 

Orionis  . 

1.5 

18  42 

3.22 

6 

14 

21.9 

3.59 

1  _ 

.04 

539 

1681 

/3 

Tauri  . 

1.6 

18  42 

3-79 

!  28 

30 

15.5 

3.59 

.17 

540 

1676 

17  Camelopardalis 

5.8 

18  50 

5.65 

62 

57 

51. 1 

3.58 

^  - 

.01 

541 

1690 

Aurig®  . 

5.6 

5 

19  42 

4- 

3. 98 

34 

22 

17.8 

+  3.51  ' 

'  - 

.05 

542 

1692 

1 15  Tauri  . 

5.8 

20  10 

3-49 

17 

51 

26.5 

!  3.47 

.02 

543 

1695 

0 

Tauri  . 

5.6 

20  26 

3.60 

21 

49 

58.6 

3.45 

.01 

544 

1700 

Orionis  . 

5.1 

20  33 

3-14 

1  2 

59 

24.8 

3.44 

- 

.01 

545 

1701 

1 16  Tauri  . 

5.8 

20  52 

3.45 

i  *5 

46 

16.4 

3.40 

_ 

.02 

546 

1707 

118  Tauri  . 

5.5 

21  53 

3.69 

25 

03 

05.0 

1  3.32- 

- 

.05 

547 

1717 

31 

Orionis  . 

5.3 

23  38 

3.05 

—  I 

II 

17.6 

3.17 

.00 

548 

1662 

Cephei 

6.0 

23  41 

18.58 

85 

07 

53 ‘.3 

3.16 

549 

1722 

A 

Orionis  . 

5.2 

24  22 

3.21 

5 

51 

19.3 

3. II 

- 

.02 

550 

1723 

X 

Aurig®  . 

4.9 

24  55 

3.91 

32 

06 

07.2 

1  •  3.06 

4- 

.04 
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1 

No. 

1 

B.  A.C. 

Constellation. 

Mag. 

A.  R.  1880. 

Annual 

Variation. 

Declination 

1880. 

1  Annual 
Precession. 

Proper 

Motion. 

1 

h.  m.  s. 

s. 

0  t  II 

,, 

II 

551 

1726 

119  Tauri . 

4.7 

5  25  II 

+  3.52 

18  30  II. 7 

+ 

3.03 

— 

.01 

552  1 

1730 

S  Orionis  .... 

var.  2.2-2. S 

25  53 

3.06 

—  0  23  22.8 

2.97 

— 

.01 

553  { 

•  • 

Aurigse  .  .  ■  . 

5.8 

26  44 

4.91 

54  20  47.2 

2.90 

.00 

554*1 

•  • 

Orionis  .... 

5.8 

26.7 

3-03 

-  I  41  .... 

2.90 

1  555  1 

*737 

35  Orionis  .... 

5.6 

27  05 

3.41 

14  13  09.8 

2.87 

— 

.03 

556  1 

1736 

Aurigae  .... 

5-8 

27  12 

4.52 

47  38  02.5 

2.86 

.00 

1  557  , 

1742 

I2I  Tauri . 

5.6 

28  08 

3.66 

23  57  28.5 

2.78 

— 

.02 

558 

1748 

Orionis  .... 

4.9 

28  14 

3.29 

9  24  24.0 

2.77 

— 

.02 

559  ^ 

*749 

A  Orionis  .... 

3.8 

28  32 

3-30 

9  51  08.0 

2.75 

— 

.02 

560  1 

1765 

e  Orionis  .... 

1.8 

30  07 

.  3.04 

-  I  16  48.3 

2.61 

- 

.01 

561 

1766 

<p^  Orionis  .... 

4.5 

5  30 19 

+  3.30 

9  13  26.3 

4- 

2.59 

— 

.31 

i  562 1 

*75* 

Camelopardalis  . 

5.8 

30  25 

6.00 

65  37  47-7 

2.58 

563 

1767 

C  Tauri . 

2.9 

30  28 

3.58 

21  04  03.1 

2.57 

— 

.05 

564* 

•  - 

D.M.4®,  989.  .  . 

5.8 

30.8 

3.18 

4  41  .... 

2.55 

!  565 

1768 

26  Aurigas  .... 

5.8 

30  56 

3.S5 

30  25  09.5 

2.54 

.00 

i  566 

1778 

125  Tauri . 

5.7 

32  18 

3.72 

25  49  41.8 

2.42 

— 

.01 

1  567 

1782 

cj  Orionis  .... 

4.9 

32  5* 

3.17 

4  03  06.6 

2.37 

4- 

.01 

1  568 

1792 

126  Tauri . 

5.4 

34  22 

3.46 

16  28  13.6 

2.24 

4- 

.02 

1  569 

1806 

b  Orionis  .... 

5.4 

36  16 

3.10 

I  24  54.3 

2.07 

— 

.01 

570 

1804 

0  Aurigae  .... 

5.8 

36  36 

4.65 

49  46  16.2 

2.04 

- 

.08 

571* 

1826 

Orionis  .... 

5.3 

5  40.3 

+  3.30 

9  29  .... 

-h 

1.72 

.  .  . 

572 

1827 

131  Tauri . 

5.7 

40  23 

3.42 

14  26  32.2 

1. 71 

-• 

.09 

573 

1830 

T  Aurigae  .... 

4.7 

40  52 

4. 16 

39  08  16.0 

1.67 

— 

.06 

574 

1834 

133  Tauri  ..... 

5.2 

40  55 

3-41 

13  51  16.0 

1.67 

— 

.01 

575 

1839 

52  Orionis  .... 

5*5 

4*  33 

3.23 

6  24  37.2 

1. 61 

— 

.06 

576 

1837 

132  Tauri . 

5*3  ! 

4*  39 

3.68 

24  31  32.2 

1. 61 

- 

.01 

i  577 

1846 

134  Tauri . 

5.1 

42  49 

3.37 

12  36  42.7 

1.50 

4- 

.02 

578 

1844 

V  Aurigas  .... 

5.0 

42  51 

4.09 

37  16  08.9 

1.49 

- 

•03 

579 

1845 

V  Aurigae  .... 

4.2 

43  10 

4.16 

39  06  42.3 

1.47 

4- 

.03 

580 

1851 

Orionis  .... 

5.8 

43  26 

3.31 

9  49  53.5 

1.45 

- 

.19 

581 

1  1852 

1  ^ 

135  Tauri . 

5.6 

5  43  39 

-H  3-41 

14  16  08.3 

4- 

1.43 

— 

.02 

582* 

"  •  - 

Orionis  .... 

5.8 

43.9 

3-17 

4  23  ... . 

1. 41 

.  .  . 

583 

1849 

31  Camelopardalis  . 

5.4 

44  13 

5.37 

59  51  30.9 

1.38 

- 

.02 

584 

1854 

^  Aurigae  .... 

4.9 

44  47 

5.02 

55  40  34.0 

1.33 

- 

.03 

585* 

-  • 

D.  M.  19®,  I  no  . 

5.8 

45-3 

3.55 

19  50  .... 

1.29 

.  .  . 

586 

1862 

137  Tauri . 

5.8 

45  34 

3.41 

14  08  23.0 

1.26 

— 

.02 

587 

1863 

1 36  Tauri . 

5.3 

45  47 

3.77 

27  34  54.7 

1.24 

- 

.07 

1  588 

1869 

56  Orionis  .... 

5.4 

46  13 

i  3-12 

I  49  27.0 

1. 21 

4- 

.01 

589 

1876 

X'  Orionis  .... 

4.8 

47  17 

3.55 

20  15  07.7 

I.  II 

- 

.10 

590 

1883 

a  Orionis  .... 

var.  0.1-1.4 

48  41 

3-24 

7  22  59.7 

0.98 

4- 

.02 

59* 

.  - 

D.  M.  24®,  1033  .  . 

5.8 

5  49  35 

+  3.67 

24  13  48.2 

+ 

0.91 

.  .  . 

59* 

1885 

S*  Aurigae  .... 

3.9 

49  39 

4.94 

54  16  23.2 

0.91 

- 

.11 

593 

.  . 

Aurigae  .... 

6.0 

50  02 

4.66 

49  54  33.8 

1 

0.87 

.  .  . 

594 

1896 

139  Tauri . 

5.2 

50  33 

3.73 

25  56  14.0 

1 

0.83 

.00 

595  , 

1895 

P  Aurigae  .... 

2.0 

50  44 

4.40 

44  55  58.8 

0.81 

- 

.03 

596 

*897 

•JT  Aurigae  .... 

4.6 

51  02 

4.45 

45  55*25.6 

0.79 

- 

.02 

597 

1900 

I®  Aurigae  .... 

2.5 

51  32 

4.09 

37  12  08.4 

0.74 

- 

.11 

598  ; 

1902 

36  Aurigae  .... 

5.9 

5*  52 

4-55 

47  53  30.3 

0.71 

— 

.05 

599  1 

*9*3 

60  Orionis  .... 

5.5 

52  39 

3.09 

0  32  25.1 

0.65 

— 

.04 

600  I 

19*4 

Aurigae  .... 

6.2 

53  29 

4.66 

49  54  II. 0 

0.57 

4- 

.10 

8.  Ex.  37 - 13 
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Annual 

Declination 

Annual 

Proper 

No. 

B.  A.  C. 

Constellation. 

Mag. 

A.  R.  1880. 

Variation. 

1880. 

Precession. 

Motion. 

h.  m.  s. 

s. 

0 

,, 

n 

6oi 

1928 

Orionis . 

4.8 

5  55  47 

-h 

3.30 

9 

38 

44.7 

4- 

0.37 

.01 

602 

1934’ 

64 

Orionis . 

5.7 

56  21 

3.56 

19 

41 

27.5 

0.32 

- 

.03 

603 

1939 

Orionis . 

5.1 

56  A7 

3.56 

20 

08 

21.3 

0.28 

- 

.04 

604 

1938 

1 

Geminorum  .... 

4.9 

56  50 

3.64 

23 

16 

05.6 

0.28 

— 

.11 

605 

1942 

40 

Aurigx . 

5-7 

58  19 

4.13 

38 

29 

30.3 

0.15 

.00 

606* 

.  . 

D.  M.  29°,  1112  . 

5.8 

58. 7 

3.83 

29 

31 

O.II 

607 

1945. 

66 

Orionis . 

5.8 

58  38 

3.17 

4 

09 

50.8 

0.12 

- 

.03 

608 

1943 

37 

Camelopardalis  . 

5.8 

59  24 

5.30 

58 

56 

54.6 

0.05 

-h 

.01 

609 

195S 

V 

Orionis  .  .  . 

4.6 

6  00  43 

3.43 

14 

46 

52.5 

- 

0.06 

- 

.02 

610 

1952 

36 

Camelopardalis  . 

5.6 

00  46 

6.03 

65 

44 

21.2 

0.06 

- 

.02 

611 

1963 

41 

Auriga? . 

6.2 

6  02  25 

+ 

4.60 

48 

43 

58.0 

- 

0.21 

- 

.12 

612 

•  • 

Auriga? . 

6.0 

04  17 

4.73 

51 

12 

06.2 

0.38 

.  .  . 

613 

.  . 

Aurig?e . 

6.0 

04-5 

3.93 

32 

43 

0.39 

.  .  . 

614 

1979 

40 

Camelopardalis  . 

5.7 

04  54 

5-39 

60 

01 

46.4 

0.43 

- 

.03 

615 

1986 

68 

Orionis . 

5.8 

04  55 

3-5t> 

19 

48 

54.2 

0.43 

- 

.06 

616 

1990 

Orionis . 

4.7 

05  07 

3-42 

14 

14 

03.4 

0.45 

- 

.04 

617 

1989 

f> 

Orionis  ..... 

5.7 

05  08 

3.46 

16 

09 

22.2 

0.45 

.02 

618 

1980 

Camelopardalis  . 

4.6 

05  37 

6.62 

69 

21 

32.7 

0.49 

- 

.11 

619 

1992 

I 

Lyncis . 

5.6 

06  51 

5.54 

61 

33 

05.2 

0.60 

- 

.01 

620 

2002 

V 

Geminorum  .... 

3.6 

07  38 

3.62 

22 

32 

24.0 

0.67 

- 

.02 

621 

2001 

K 

Auriga? . 

4.4 

6  07  44 

+ 

3-83 

29 

32 

253 

- 

0.68 

- 

.29 

622 

2009 

Orionis . 

5.5 

08  30 

3-45 

t6 

10 

42.7 

0.74 

4- 

.05 

623 

2012 

73 

Orionis . 

5.8 

09  01 

3-33 

12 

35 

13.4 

0.79 

.00 

624 

2007 

2 

Lyncis . 

4.8 

09  02 

5.30 

59 

03 

06.5 

0.79 

+ 

.03 

625* 

1 

D.  M.  14°,  1235  .  .  . 

5.8  i 

II. 3 

3-42 

14 

26 

0.99 

626 

2024 

45 

Auriga? . 

5.6 

12  or 

4 . 88 

53 

30 

15.3 

1.05 

- 

.  10 

627* 

Orionis . ! 

5-7 

13*2 

3-42 

14 

43 

1. 15 

628 

.  . 

Camelopardalis  . 

5.8  ' 

14  33 

6.86 

70 

35 

49.7 

1.26 

629 

2044  j 

i'' 

Auriga? . 

4.9 

15  39 

4.62 

49 

20 

47.1 

! 

1.37 

- 

.06 

630 

2047 

Geminorum  .... 

.  3.3  ! 

15  42 

3.63 

22 

34 

25.0 

1.38  i 

— 

.11 

631* 

2045 

5 

Lyncis . 

5.8  1 

6  16  20 

+ 

5.25 

58 

28 

49.7 

- 

1.40  1 

- 

.03 

632 

2059 

8 

Monoccrotis 

4.7  ' 

17  25 

3.18 

4 

39 

08.0 

1.52 

- 

.02 

633 

2082 

48 

Auriga? . 

5.5 

20  51 

3.86 

30 

33 

53.8 

1.82 

- 

.04 

634 

2086 

77 

Orionis . 

5.7 

21  04 

3.08 

0 

22 

II  .2 

1 

1.84 

- 

•05 

635 

2081 

47 

Auriga? . 

6.1 

21  05 

5.49 

46 

45 

33.2 

1.84 

.03 

636* 

2069 

j 

Camelopardalis  . 

5-6 

21  49 

9.38 

78 

05 

II. 0 

1.93 

... 

637 

2090 

V 

Geminorum  .... 

•  4.4  1 

21  50 

3.56 

20 

17 

10.9 

1.90 

- 

.01 

638 

2083 

Camelopardalis  .  .  .  ; 

6.0 

22  46 

7.65 

73 

47 

06.3 

1.99 

639 

2110 

Auriga? . 

5.7 

24  37 

3.93 

32 

32 

21.4 

2.15 

+ 

.02 

640* 

Monoccrotis 

5.2 

25.1 

3.35 

II 

38 

.... 

2.19 

641 

2095 

Camelopardalis  ... 

5-3 

6  25  45 

-f 

10.35 

79 

41 

22.7 

2.24 

- 

.61 

642 

2126 

13 

Monoccrotis  ... 

4.8 

26  25 

3.25 

7 

25 

10.3 

2.30. 

- 

.02 

* 

Camelopardalis  . 

5.8 

1  26.4 

7.12 

71 

51 

2.30 

644* 

2129 

Geminorum  .  .  .  .  i 

6.0 

j 

26.8 

3.41 

14 

15 

2.34 

...  j 

645* 

.  . 

Monoccrotis 

5-5  ; 

27.5 

3.05 

—  I 

07 

^.40 

646 

2133 

4) 

d  urig  •  * . 

5.1 

27  39 

3.78 

28 

06 

50.3 

2.41 

- 

.02 

647 

2159 

r 

Auriga? . 

30  46 

4.29 

42 

35 

32.1 

2.69 

- 

.05  ! 

648 

2163 

} 

Geminorum  .... 

^  *-9 

30  47 

3.47 

16 

30 

00. 5 

2.69 

- 

.03 

649 

2170 

54 

Auriga? . 

5.9 

31  59 

3.79 

28 

22 

01.8 

2.79 

- 

.04 

650 

2182 

1 

Auriga? . 

5.1 

_  _  _ 1 

34  21 

1 

4.37 

44 

1 

38 

16. 1  1 

_ J 

2.99 

4- 

.06 
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No.  1 

B.  A.C. 

Constellation. 

■ 

Mag. 

A.  R. 1880. 

“  Annual 

Variation. 

Declination 

1880. 

Annual 

Precession. 

Proper 

Motion, 

h.  m.  s. 

s. 

0 

- 

tt 

651 

2185 

S 

Monocerotis  . 

var.4.7-5.5 

6  34  22 

+  3-31 

10 

00 

16. 1 

-  3-00 

— 

.09 

652 

2191 

26 

Geminorum  . 

5-5 

35  25 

3-49 

17 

45 

41.4 

3.09 

.08 

653 

2187 

12 

Lyncis 

4.9 

35  37 

5.30 

59 

33 

37.1 

3.10 

- 

•03 

654  1 

2194 

e 

Geminorum  . 

3.3 

36  33 

3-^>9 

25 

14 

54.1 

3. IS 

- 

.02 

655 

2197 

28 

Geminorum  . 

5-8 

37  09 

3.81 

29 

05 

25-9 

3-23 

- 

.03 

656 

aigg 

30 

Geminorum  . 

4.9 

37  13 

3. 38 

13 

20 

51-3 

3.24 

- 

.02 

657  j 

2200 

Aurig®  . 

5.3 

38  05 

4.33 

43 

41 

40.9 

3.32 

+ 

.14 

658 

.  . 

Lyncis 

5.8 

38  12 

5.01 

55 

50 

02.5 

3-33 

659 

2198 

42 

Camelopardalis  . 

5.0 

38  26 

6.29 

67 

42 

04.6 

3-34 

.01 

660  1 

2201 

Aurigs  . 

5.4 

38  3' 

4.59 

48 

54 

50.1 

3.35 

— 

.04 

661 

2206 

Geminorum  . 

3.8 

6  38  33 

+  3-37 

13 

01 

24.2 

-  3-36 

- 

.22 

662 

2211 

16 

Monocerotis  . 

5.8 

40  00 

3.27 

8 

42 

45.2 

3.48 

- 

.02 

663 

2209 

43 

Camelopardalis  . 

5.1 

40  45 

6.51 

69 

01 

28. 6 

3.55 

.00 

664 

2216 

17 

Monocerotis  . 

5.1 

40  49 

3-27 

S 

09 

57-0 

3.55 

.00 

665 

2222 

i3 

Monocerotis  . 

4.8 

41 36 

3-13 

2 

32 

30.8 

3.62 

- 

.03 

666* 

.  . 

Geminorum  . 

5-7 

41.9 

3.92 

32 

44 

3-65 

... 

667 

2223 

V/- 

Aurigae 

5.1 

42  17 

4.25 

41 

55 

15. T 

3.68 

- 

.11 

668 

2220 

14 

Lyncis 

5.8 

42  30 

5-31 

59 

35 

18.3 

3.70 

- 

.04 

669 

2210 

Camelopardalis  . 

4.6 

42  32 

8.85 

77 

07 

33.9 

3-70 

- 

.03 

670 

2157 

Cephei 

5.0 

43  45 

30.12 

87 

13 

45-6 

3.81 

— 

.05 

671 

2233 

d 

Geminorum  . 

5.8 

6  44  22 

-h  3.61 

21 

54 

04.2 

-  3.86 

- 

.02 

672 

2237 

Geminorum  . 

3.6 

44  52 

3.96 

34 

06 

15. 1 

3.89 

- 

.05 

673 

2248 

15 

Lyncis 

4.9 

46  53 

5.22 

58 

34 

38.3 

4.07 

.18 

674 

2247 

Camelopardalis  . 

6.0 

47  42 

6.86 

70 

57 

58.5 

4.14 

675 

2255 

e 

Geminorum  . 

5.0 

47  52 

i  3.38 

13 

19 

43-9 

'  4. 16 

- 

.06 

676 

2261 

i^i«Aurigae  . 

5.2 

48  52 

4.39 

45 

14 

51.8 

4.24 

- 

.02 

677 

22S5 

41 

Geminorum  . 

5.8 

1  53  22 

3*45 

16 

14 

38. 3 

4.62 

+ 

.04 

678 

2299 

u 

Geminorum  . 

5.6 

5.5  06 

3.66 

24 

23 

05.2 

4.77 

- 

.01 

679^;  .  . 

Geminorum  . 

6.0  • 

'  55.4 

3-49 

17 

55 

4.80 

. . . 

1 

680*  .  . 

Geminorum  . 

6.0 

55.4 

*  3.43 

15 

30 

.... 

4.80 

1 

i 

... 

681 

2305 

C 

Geminorum  . 

var,  3,8-4.4 

'  6  56  59 

-h  3.5^^ 

20 

44 

40.  S 

-  4.94 

.01 

682 

2306 

Geminorum  . 

5.1 

56  59 

3.33 

II 

07 

35.5 

4-94 

.00 

683 

23M 

Aurigae  . 

6,0 

58  16  1 

3-98 

34 

39 

14.7 

5.05 

— 

.17 

684*  .  . 

j 

Aurigae  . 

1  5.8  : 

59-5 

3.95 

34 

II 

.... 

5.14  1 

1  ■ 

... 

685 

*1 

Monocerotis  . 

5.7 

701.3  j 

3.25 

7 

40 

5  •  30 

686 

2330 

45 

Geminorum  . 

1 

5-4 

01  29 

3.44 

16 

07 

15.6 

5.32 

- 

.07 

687 

2338 

63 

Aurigae  . 

5.1  1 

’  03  24 

4.13 

39 

50 

52.3 

5.47 

.00 

688 

2340 

r 

Geminorum  . 

4.6  ’ 

03  30 

3.83 

30 

26 

24-3 

5.50 

— 

.06 

68q 

2343 

47 

Geminorum  . 

5.7  ! 

03  56 

3-72 

27 

03 

08.3 

5.52 

1 

1 

.03 

690 

2341 

D.M.  51®,  1295  . 

5.8 

!  04  02 

4.70 

51 

37 

31.7  1 

5.53 

.00 

691 

2350 

48 

Geminorum  . 

1  5.8  1 

7  05  09 

+  3-65 

.  24 

19 

40.9 

—  5.62 

- 

.01 

692 

2349 

18 

Lyncis 

5-1 

05  25 

5.27 

59 

50 

54- 1 

5.64 

— 

.33 

693 

2356 

Canis  Minoris  . 

5.8  ■ 

05  27  , 

3.21 

5 

51 

07.4  ' 

5.64 

.00 

694 

2358 

22 

Monocerotis  . 

4.4 

05  44  i 

3.07 

—  0 

17 

43  0 

5.67 

— 

.01 

695 

2326 

Camelopardalis  . 

5-3 

05  45  * 

12.99 

82 

38 

14.6 

5.67 

— 

.02 

696 

2362 

5* 

Geminorum  . 

5.3 

06  29 

3-44 

16 

21 

40.2 

5-74 

— 

.03 

697 

2361 

Lyncis 

5.7 

06  55 

4.47 

47 

27 

06.2 

5.77 

— 

.02 

698 

2373 

Monocerotis  . 

5.6 

08  02 

3.15 

3 

18 

57.0 

5.87 

+ 

.01 

699 

2379 

Lyncis 

5.2 

09  25 

4.57 

49 

40 

35.1 

5.98 

.00 

700 

2381 

64 

Aurigae  . 

6.0 

09  42 

4.18 

41 

05 

40.9 

6.01 

'  + 

.01 
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No. 

B.  A.C. 

Constellation. 

Mag. 

A.  R.  1880. 

Annual 

Variation. 

Declination 

1880. 

Annual 

Precession. 

Proper 

Motion. 

h.  m.  s. 

s. 

0  / 

/f 

„  1 

701 

2398 

7i 

Geminorum  . 

.  • 

4.0 

7  II  12 

4-  3.45 

16  45 

19.9 

—  6. 13 

— 

.04 

702 

.  . 

Lyncis 

6.0 

12  36 

4.36 

45  26 

53.5 

6.25 

1 

703 

2410 

6 

Geminorum  . 

3.5 

12  57 

3-59 

22  12 

06.5 

6.28 ' 

+ 

.01 

704 

2407 

19 

Lyncis 

5.4 

13  04 

4.92 

55  30 

19.2 

6.27 

— 

.05 

705 

2416 

65 

Aurig®  . 

5.3 

14  02 

4.03 

36  59 

05.5 

6.36 

.00  , 

706 

2423 

56 

Geminorum  . 

5.6 

14  52 

3.55 

20  40 

06.9 

6.44 

.00 

707 

2429 

66 

Aurig®  . 

5.4 

15  50 

4.17 

40  54 

07.1 

6.51 

— 

.01 

708 

2431 

A 

Geminorum  . 

5.1 

16  10 

3.67 

25  16 

46.6 

6.54 

— 

.02 

709 

2441 

21 

Lyncis 

4.8 

17  40 

4.55 

49  26 

50.7 

6.67 

— 

.09  j 

710 

2442 

t 

Geminorum  . 

4.0 

18  16 

3.74 

28  02 

06.2 

6.72 

- 

.09 

711 

2444 

I 

Canis  Minoris  , 

5.7 

7  18  18 

+  3.34 

II  54 

13.6 

—  6.72 

4- 

.02 

712 

2439 

Camelopardalis  . 

5.b 

18  23 

6.29 

68  42 

28.3 

6.73 

— 

.07 

713 

2451 

e 

Canis  Minoris  . 

5.3 

19  05 

3.28 

9  30 

39-8 

6.79 

— 

.07 

7^4 

•  • 

Lyncis 

5.9 

’  19  55 

4.36 

48  25 

35.3 

6.85 

. . . 

715 

2460 

63 

Geminorum  . 

•  1 

5.5 

20  37 

3.57 

21  41 

20.6 

6.90 

— 

.  10 

716 

2462 

Canis  Minoris  . 

2.8 

20  39 

3.26 

8  31 

47.4 

6.91 

— 

.05 

717 

2459 

22 

Lyncis 

5-5 

20  49 

4.56 

49  55 

04.8 

6.93 

— 

.11 

718 

2464 

P 

Geminorum  . 

4.5 

21  23 

3.87 

32  01 

17.3 

6.97 

.19 

719 

24.65 

V 

Canis  Minoris  . 

5-8 

21  35 

3.23 

7  11 

06.8 

6.99 

_ 

.04 

720 

2468 

y 

Canis  Minoris  . 

4.9 

21  38 

3*27 

9  10 

01.5 

6.97 

- 

.02 

721 

2467 

64 

Geminorum  . 

5.5 

7  21 52 

+  3.75 

28  21 

50.5 

-  7.01 

_ 

.04 

722 

2469 

b 

Geminorum  . 

5.0 

22  21 

3.74 

28  09 

43-7 

7.05 

— 

.01  i 

723 

2473 

6 

Canis  Minoris  . 

.  ; 

4.9 

23  07 

3.34 

12  15 

12.4 

7. II 

.00 

724* 

.  • 

D,  M.23^  1744  . 

5.8 

25.7 

3.60 

23  09 

7.33 

•  •  •  1 

725 

2480 

Canis  Minoris  . 

•  1 

5.4 

25  52 

3.12 

2  10 

04.2 

7.34 

‘O5 

726 

2486 

68 

Geminorum  . 

5.4 

26  46 

3-43 

16  05 

00.5 

7.41 

.00 

727 

j  2485 

a 

Geminorum  . 

1.5 

26  56 

3.85 

32  09 

00. 1 

7.42 

— 

.08 

728  [ 

•  • 

Lyncis 

6.0 

2^  01 

4.91 

56  01 

03.2 

7.43 

729 

248S 

Lyncis 

5.7 

27  49 

4.37 

46  26 

35.3 

7.50 

. . . 

730  1 

2493 

V 

Geminorum  . 

4-3  ! 

28  32 

3.71 

27  09 

39-9 

7.55 

- 

.11 

731  : 

2504 

70 

Geminorum  . 

5.7 

7  30  40 

;  +  3.95 

35  18 

55.3 

“  7-73 

_ 

.03 

732 

2509 

0 

Geminorum  . 

5.0 

31  20 

3.93 

34  51 

20. 1  j 

7.78 

— 

.30  ' 

733 

Lyncis  .  . 

6.0 

32  10 

4.05 

38  37 

02.9 

1  7.85 

.00 

734 

Lyncis 

5.8 

32  20 

4.46 

48  24 

40.0 

7.86 

1 

.00 

735 

2519 

f 

Geminorum  . 

5.6 

1  32  33 

!  3.47 

17  56 

46.9 

7.88 

-f 

.ot  1 

736 

2516 

24 

Lyncis 

5.0 

32  51 

5. II 

58  59 

19.6 

1  7-90 

_ 

.07 

737 

2522 

a 

Canis  Minoris  . 

0.5 

33  01 

3.14 

•  5  31 

51.7  , 

7.92 

[.08 

738* 

•  • 

Geminorum  . 

• 

6.0 

33.8 

3.60 

23  19 

.... 

1  7.98 

. . . 

739 

2532 

Lyncis 

5.3 

34  59 

4.57 

1  50  42 

57.2 

8.08 

_ 

.04 

740* 

•  • 

Geminorum  . 

•  1 

6.0 

35.3 

3.39 

14  29 

8.10 

741 

1  2540 

a 

Geminorum  . 

4.9 

'  7  35  49 

4*  3.76 

29  10 

20.4  ! 

i 

1  —  8.14 

_ 

.24 

742 

2551 

K 

Geminorum  . 

.  i 

3.7 

3712 

3.63 

24  41 

03.1 

8.25 

— 

.05 

743 

P 

Geminorum  . 

1.3 

37  58 

3.68 

23  18 

53.0 

8.32 

— 

.04 

744* 

j 

Lyncis 

i 

5.5 

38.6  1 

4.02 

37  48 

.... 

8.36 

. . . 

745 

1  ^558 

SigGeminorum  . 

.  1 

5.1 

39  II 

3.43 

18  48 

05.1 

8.41 

— 

.05 

746 

2564 

II 

Canis  Minoris  . 

5*2 

39  40 

3.31 

II  03 

35.0 

8.45 

+ 

.01 

747 

1  2563 

TT 

Geminorum  . 

5.4 

39  46 

3.88 

33  42 

32.5 

8.46 

— 

.02 

748 

2612 

c 

Canis  Minoris  . 

5.3 

45  29 

3-12 

2  04 

19-4 

8.gl 

— 

.01  i 

749 

2596 

Camelopardalis  . 

.  I 

5.1 

45  48 

7.31 

74  14 

08.0 

8.93 

750 

2590 

Camelopardalis  . 

; 

5.4 

i 

f  9.70 

79  48 

1 

12.2 

8.93 

0. 10 

} 
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CATALOGUE  OF  STARS  FOR  OBSERVATIONS  OF  LATITUDE. 


Annual 

Declination 

Annual 

Proper 

No. 

Constellation. 

Mag. 

A.  R.  1880. 

Variation. 

1880. 

Precession. 

Motion. 

h.  m.  s. 

s. 

0  /  If 

n 

751 

2609 

26 

Lj^ncis . 

5-6 

7  45  58 

+  4-39 

47  52  25.2 

—  8.95 

— 

.04 

752 

2617 

Geminorum  .... 

5.1 

46  09 

3.68 

27  04  29.9 

8.96 

- 

.01 

753 

2585 

Carnelopardalis  . 

5.8 

48  01 

15.23 

84  23  56.3 

9.10 

754 

2632 

85 

Geminorum  .... 

8.9 

48  40 

3.51 

20  11  58.2 

9. 16 

- 

.04 

755 

2639 

I 

Cancri . 

6.1 

50  II 

3-41 

16  06  34.3 

9.28 

- 

.04 

756 

2647 

Canis  Minoris  .  ... 

6.0 

50  45 

3.26 

8  57  37-4 

9.31 

- 

.06 

757 

.  - 

Camelopardalis  . 

5-8 

51  16 

5.07 

59  22  15.1 

9.36 

. . . 

758* 

2649 

Cancri . 

6.0 

51  41 

3.43 

16  50  .... 

9.38 

759 

.  . 

Camelopardalis  . 

5.8 

51  45 

5.43 

63  25  03.8 

9.40 

.00 

760 

2653 

*4 

Canis  Minoris  . 

5.3 

52  07 

3.12 

2  32  33-9 

9.42 

T 

.01 

761 

2659 

3 

Cancri . 

5-8 

7  53  55 

+  3-44 

17  38  09.4 

-  9-56 

- 

.04 

762 

2668 

28 

Monocerotis  .... 

51 

55  07 

3.06 

-  I  03  38.4 

9-65 

- 

.10 

763 

2673 

Canis  Minoris  . 

4.9 

56  02 

3.12 

2  39  47.0 

9.72 

4- 

.12 

764 

2672 

;r 

Geminorum  .... 

5.1 

56  09 

3.69 

28  07  45.1 

9.74 

- 

.07 

765 

2690 

8 

Cancri . 

5.7 

58  23 

3.35 

13  27  3^.6 

9.91 

— 

.05 

766 

2700 

9 

Cancri . 

6.0 

59  12 

3.56 

22  58  35.6 

9.97 

- 

.02 

767 

2697 

27 

Lyncis . 

4.9 

59  25 

4.54 

51  51  03.0 

9.98 

- 

.01 

768 

2714 

Cancri . 

5.3 

8  00  42 

3.54 

21  55  43.8 

10.08 

- 

.07 

769 

2707 

Ursae  Majoris 

4.9 

00  51 

6.06 

68  49  29.6 

10.09 

- 

.01 

770 

2732 

Lyncis . 

5.6 

04  16 

4.82 

56  48  37-5 

10.35 

H- 

.02 

771 

2722 

Camelopardalis  . 

5.5 

8  04  25 

+  7-72 

76  07  13. I 

—  10.36 

772 

2744 

C 

Cancri . 

4.7 

05  20 

3*45 

18  00  30.7 

10.43 

— 

.11 

773 

2747 

V' 

Geminorum  .... 

5-5 

05  43 

3.73 

30  00  51.0 

10.45 

— 

.06 

774 

2757 

29 

Lyncis . 

5.8 

07  52 

5.03 

59  56  10. I 

10.62 

— 

.06 

775 

2765 

Ursae  Majoris 

6.0 

08  50 

5.28 

62  52  32.8 

10.69 

.00 

776 

2778 

Cancri . 

3-9 

10  00 

3.26 

9  33  14.7 

10.77 

— 

•05 

777 

2786 

Cancri . 

5.5 

12  46 

3.66 

27  36  18.0 

10.98 

- 

.38 

778 

2788 

Cancri . 

5.8 

*3  23 

3.52 

21  07  31.7 

11.02 

+ 

.02 

779 

2789 

A 

Cancri . 

5.5 

13  24 

3.57 

24  23  55.2 

11.02 

— 

.04 

'  780 

2793 

31 

Lyncis . 

4.4 

14  37 

4.13 

43  34  18.4 

II. II 

— 

.10 

781 

2792 

L\'ncis . 

5.8 

8  14  43 

4-  4.58 

53  36  17.8 

—  11.12 

- 

.04 

782*  .  . 

Lyncis . 

5.8 

17.4 

3.86 

35  24  .... 

11.31 

... 

783 

2803 

Ursae  Majoris 

5.8 

18  26 

5.76 

67  41  25.1 

11.38 

4- 

.04 

784 

2815 

Cancri  ;  .  .  .  . 

5.9 

19  10 

3.66 

28  17  14.9 

11.44 

- 

.10 

785 

.  . 

Lyncis . 

6.0 

19  14 

4.21 

46  03  34.5 

11.44 

.00 

786 

2822 

Cancri . 

5.2 

19  29 

3.22 

7  57  15.7 

11.47 

— 

.04 

7S7 

2817 

Cancri . 

5.6 

19  32 

3.64 

27  19  32.1 

11.47 

- 

.01 

788 

2826 

27 

Cancri . ^ 

6.0 

20  06 

3.33 

13  02  57.8 

II. 51 

— 

.  12 

789 

2819 

0 

Ursae  Majoris 

3-5 

20  17 

5.04 

61  07  02.2 

11.52 

— 

.13 

790 

2833 

28 

Cancri . 

5.7 

21  30 

3.57 

24  32  30.0 

II. 61 

— 

.08 

791 

2842 

A 

Ursae  Majoris 

5-4 

8  23  51 

+  5.45 

65  33  07.6 

-  11.77 

- 

.08 

792 

,  2850 

L 

Cancri . 

5.7 

24  25 

3.56 

24  29  04.1 

11.82 

— 

.07 

793 

2853 

Cancri . 

5.6 

24  45 

3-43 

18  29  55.9 

11.84 

— 

.06 

794 

2862 

V 

Cancri . 

5.5 

25  46 

3.48 

20  50  51.5 

11.91 

- 

.06 

795 

2871 

33 

Lyncis . 

6.0 

27  01 

3.87 

36  49  48.7 

12.00 

— 

.01 

796 

2876 

3 

Ursae  Majoris 

5.5 

28  31 

5.40 

65  25  59.6 

12.10 

+ 

.05 

797 

2889 

Hydrae . 

6,0 

29  28 

3.20 

7  02  15.1 

12.17 

— 

.09 

798 

2884 

'TT 

Ursae  Majoris 

4.6 

29  43 

5.32 

64  44  42.0 

12.19 

4- 

.02 

799 

2897 

C 

Cancri . 

5.9 

30  35 

3.26 

10  04  16.7 

12.25 

- 

.03 

800 

290X 

Hydrae . 

4.4 

31  18 

3.18 

6  07  17.0 

12.30 

4- 

.02 
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KKl'ORT  OR  TIIR  SUPERINTENDENT  OF 


CATALOGUE  OF  STARS  FOR  OBSERVATIONS  OF  LATITUDE. 


No. 

B.  A.C. 

Constellation. 

Mag. 

Animal 

A.  R.  IS80.  yj  .  . 

VCanatiun. 

Declination 

iSSo. 

Annual 

Precession. 

Proper 

Motion. 

h.  m.  s.  s. 

0  ft 

'• 

9$ 

8oi 

2911 

a  Hydric . 

4.8 

S  32  29  H-  3.15 

3  45  42.3 

—  12.38 

—  ,02 

802 

2909 

34  Lyncis  .  . 

5.4 

32  43  4.17 

46  15  12.3 

12.40 

+  .06 

803 

2937 

y  Cancri . 

4-5 

36  20  3.48 

21  53  56.9 

12.64 

+  .01 

804 

2942 

A‘  Cancri . 

5.8 

35  3  31 

13  06  36. I 

12.66 

.01 

805 

2945 

7]  Hydrx . 

4.8 

3^>  57  3.14 

3  49  41.9 

12.69 

—  .01 

S06 

2953 

4  Cancri . 

4-3 

37  52  3.42 

iS  35  39-5 

12.75 

-  .24 

807* 

2943 

Ursne  M.ajoi  is 

6.0 

37  5.52 

67  oS  50.0 

12.75 

4-  .02 

80S 

2958 

b  Cancri . 

5.6 

38  14  3-26 

10  30  54.0 

12.77 

-  .03 

Sog 

2965 

L  Cancri . 

4-^ 

39  26  3.64 

29  II  50.7 

12. 85 

-  .05 

810 

2971 

t  liydrac . 

3.5 

4025  3-18 

6  £;i  29. S 

12.92 

—  .02 

811 

2976 

Hydrae . 

5.5 

S  41  10  4-  3.^4 

—  I  27  28. 2 

-  12.97 

4-  .03 

812 

2978 

/)  Hydrie . 

4.8 

4205  3.19 

6  16  48. 0 

13.02 

-  .03 

813 

2982 

b  Ursac  Majoris 

5.5 

43  29  5 -or 

62  24  37.1 

13.12 

4-  .17 

814 

2989 

35  Lyncis . 

5.8 

43  53  4.05 

44  10  1S.2 

13.15 

4-  .03 

815 

2999 

a'  Cancri . 

5.8 

45  3.73 

32  55  21.7 

13.23 

4-  .02 

816 

3002 

/j  Cancri . 

5.8 

45  27  3-58 

2S  47  >7-3 

13.25 

-  .25 

817 

3003 

6  (Jrsae  Majoris 

5.8 

40  09  5  •  22 

«3  39-3 

13.30 

-  .13 

818 

3016 

57  Cancri . 

5.3 

46  55  3-f'7 

31  01  57.9 

13.35 

.00 

819 

3026 

p/t  Cancri . 

5.4 

48  2S  3  A»o 

2S  23  03.6 

13.45 

-  .04 

820 

3027 

Ursac  Majoris 

6.0 

4S  43  3.92 

40  39  38.6 

13.46 

.00 

821 

3032 

C  Hydrae 

3.3 

8  49  03  -h  3 . 1 8 

6  24  04.4 

-  13. 48 

.00 

822 

3035 

60  Cancri  ....*. 

5.7 

49  22  3.2S 

12  05  00.8 

13.51 

—  .02 

S23 

3033 

G-  Cancri . 

5.6 

49  32  3.72 

33  22  14.7 

13.51 

-  .07 

824 

.  . 

Camelopardalis  . 

5.8 

50  03  13.^1 

84  39  31.0 

13.55 

.00 

825 

3047 

0  Cancri . 1 

i  5*5 

50  33  3.3^>  1 

15  4^J  55.4 

13. 58 

H-  .04 

826 

3048 

L  Ursne  Majoris  .  .  .  j 

3.2 

50  59  4.14  * 

4S  30  40.6 

1  13.61 

-  .28 

1 

827* 

3053 

Cancri . 

6.0 

5».2  3.24 

9  51  .... 

13.62 

,  828 

3049 

p  Ursae  Majoris 

4.9 

5»  42  5.52 

6s  05  43.7 

1  13.66 

—  .01  1 

:  829 

3055 

a  Cancri . 

4.2 

51  55  3-2S 

12  19  16.2 

13.67 

-  .04 

830 

3056 

0^  Cancri . 

5*' 

52  10  3.70 

32  53  01.5 

13.09 

—  .06 

831  i 

3059 

10  Ursac  Majoris  .  .  .  1 

4.1  j 

8  52  51  +  3.92 

42  15  24.0 

-  13.73 

—  .27 

832 

3072 

Ursae  Majoris 

5.7 

55  12  4.44  1 

54  15  19-4 

13. 88 

.00 

833 

3075 

K  Ursae  M.ajoris 

3.5 

55  25  4.12 

47  37  46.2 

13. 89  1 

—  .11 

834  i 

3079 

V  Cancri . 

5.2  1 

55  43  3-52 

24  55  24.6 

13.91 

-  .07 

:  835  i 

3087 

II  Ursae  Majoris 

5.1  1 

57  50  5.3<J  ■ 

67  21  1 1. 5 

14.04 

—  .06 

836 : 

3097 

Ursae  Majoris 

4.7 

53  54  3-85 

38  55  49-7 

14. II 

1  —  .06 

:  S37 

3105 

w  Hydrae . 

5.6  ' 

59  39  3-  *7 

5  34  13.3 

14.15 

—  .06 

S38  ' 

3099 

G  Ursac  Majoris 

5.0 

59  49  5.37 

67  37  II. 6 

1 

14.17 

i  —  .  10 

839 

3106 

f  Ursae  Majoris 

4.9 

9  00  24  4.27 

52  05  15.6  I 

14.20 

-  .05 

840 

3109 

r  Cancri . 

5.8  j 

00  48  3.62 

30  o3  07.3 

14.23 

-  .05 

841 ' 

3108 

r  Ursae  Majoris 

4.9 

9  01 .00  +5.02  , 

^>3  59  59-9 

-  14.24  1 

-  .08 

842 

3111 

K  Cancri . 

5.2 

01  15  3.26 

II  09  01 . 3 

1  14.26 

4-  .02 

I  843 

3113 

75  Cancri . 

5.7  1 

01  44  3-55 

27  07  2S.4 

;  14.28  1 

—  .o3 

844 

3117 

^  Cancri . 

4.9  ] 

02  28  3,46 

22  31  48. 0 

14.33 

1  4-  .02 

'  845* 

3116 

Ursae  M.ajoris 

6.0  ! 

03  48  1  6.20 

73  26  27.8 

14.41 

.00 

846 

3125  1 

16  Ursae  Majoris  (c) 

5.1  1 

04  51  ^  4.82 

54  57.3 

14.47 

i  -  .09 

1  847 

3131  1 

36  Lyncis . 

5.5 

05  57  3-95 

43  42  40.2 

14.54 

I  -  .05 

:  848 

3135 

17  Ursae  Majoris 

5.1 

'  06  56  i  4.50 

57  14  14.2 

14.60 

4-  .07 

1  849 

3140 

e  Ursae  Majoris  ... 

5.2 

07  33  4-3^  1 

54  30  5<J-6 

14.64 

4-  .02 

i  850 

3146 

1 

1  ^  Hydrae . 

4.2  1 

08  07  ■  3.13 

1  2  49  1 1 . 1 

14.67 

-  .32 

1 

1 

‘ _  ---  - 

— 

- 

— 

-  -  - 

— 
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CATALOGUE  OF  STARS  FOR  OBSERVATIONS  OF  LATITUDE. 


No.j 

B.A.  C. 

Constclhuion. 

Mag. 

A.R.  1S80. 

Annual 

Vai  iation. 

Declination 

iSSo. 

Annual 

Precession. 

Proper 

Motion. 

h.  m.  s. 

s. 

0 

/ 

' 

85 « 

3>47 

TT 

Cancri 

5.8 

9  oS  36 

-h 

3.32 

15 

26 

1S.8 

-  14.70 

.02 

85Z 

3162 

38 

Lyncis 

3-9 

11  22 

3.75 

37 

iS 

36.3 

14.87 

- 

.04 

853 

3172 

Ursac  Majoris 

5.7 

12  54 

4-45 

57 

12 

23.6 

14.96 

.00 

854 

3178 

40 

Lyncis 

3.3 

>3  44 

3.f>7 

34 

53 

55.2 

15.01 

- 

.02 

855  1 

3204 

Leonis 

4.4 

17  40 

3-51 

26 

41 

52.0 

15.23 

- 

.03 

856 

■  3>99 

Draconis  . 

4.3 

IQ  51 

9.14 

Si 

51 

16.6 

15.35 

.00 

857  1 

3218 

U  rsre  Majoris 

5.4 

20  48 

3-96 

46 

07 

34.5 

15.41 

- 

.13 

853 

3227 

Leonis 

5.4 

22  02 

3.22 

9 

34 

41.9 

15.48 

- 

.02 

859 

3221 

U  rsae  Majoris 

3.6 

22  03 

4.80 

35 

07.8 

15.48 

-h 

.  11 

860 

322S 

3 

Leonis 

5.9 

22  06 

3.20 

8 

42 

39-7 

15.48 

— 

.04 

861  1 

32jl 

22 

Ursae  Majoris 

5.8 

9  23  32 

5.79 

72 

44 

12.9 

-  15.56 

.00 

1  862 

3232 

d 

Ursac  Majoris 

4.9 

23  5* 

5.42 

70 

21 

22.4 

15.57 

.05 

863 

3241 

S 

Leonis  Minoris 

5.6 

24  14 

3-f>7 

35 

37 

59.0 

15.60 

- 

.  10 

864 

3242 

0 

U  rsae  Majoris 

3.3 

24  49 

4.04 

52 

*3 

22.6 

15.63 

- 

.57 

865 

3246 

Leonis 

4.4 

24  52 

3.43 

23 

29 

45-9 

15.63 

- 

.04 

866 

3250 

'  c 

Leonis 

5.1 

25  29 

3.24 

49 

49-3 

15.65 

- 

.08 

S67 

3251 

n 

Leonis 

5.5 

25  32 

3  •  22 

10 

14 

38.2 

15.65 

— 

.02 

868 

3253 

k  r*- 

Hydr® 

4.9 

25  52 

3-07 

—  0 

39 

22.  S 

15.69 

- 

.08 

1  869 

3256 

1  26 

U  rsae  Majoris 

4.S 

26  36 

4*15 

52 

35 

03.0 

*5.73 

- 

.04 

S70 

3261 

.  10 

Leonis  Minoris 

4.5 

26  52 

3-70 

36 

55 

46.0 

15.74 

4- 

.00 

871 

3265 

• 

Lyncis 

4.9 

9  27  34 

‘  40 

09 

09.6 

-  15.78 

- 

.05 

872 

326S 

1  l 

Leonis  Minoris 

5.f> 

23  28 

3.61 

36 

21 

07.4 

15. S3 

.27 

S73 

3273 

Leonis 

5-3 

29  35 

3.57 

3* 

41 

55.3 

15.89 

— 

.02 

S74 

32S6 

I 

Sexianlis  . 

5.5 

30  52 

3.17 

7 

22 

23.2 

15.96 

.00 

875 

32S I 

42 

Lyncis 

5.4 

‘  30  52 

3‘77 

40 

46 

39-5 

15.96 

.00 

876 

32S3 

27 

Ursac  Majoris 

5-2 

31  52 

5.67 

72 

47 

46.  3 

16.01 

- 

.05 

877 

3295 

2 

Sextantis  . 

5.0 

32  12 

3.14 

5 

11 

24.6 

16.03 

- 

•07  1 

878 

32S4 

D,  M.79  019 

5-S 

'  33  00 

7.47 

79 

41 

07.0 

16.07 

.00  1 

879 

3303 

1 

Hydra; 

4.2 

33  44 

3*07 

—  0 

35 

57-4 

16.10  j 

- 

.11  1 

S5o 

3307 

43 

! 

Lyncis 

5-6 

j  34  34 

3.74 

40 

t8 

*3.9  I 

*3.15 

— 

.06  1 

3Si 

'  3312 

I 

*4 

Leonis  (0) 

3.6 

9  34  45 

1  -h 

3-21 

10 

26 

14.6 

-  16.16  , 

- 

.04 

832 

3317 

1 

Leonis 

’  5.3 

3^  31 

3.53 

30 

3* 

32.1 

16.25 

— 

.11 

8S3 

3321 

,  rp 

Leonis 

5.8 

1  37  12 

3.28 

*4 

34 

09.8 

16.28 

— 

.04 

SS4 

3324 

63 

Ursac  Majoris 

'  5.4 

38  01 

4.30 

57 

40 

39-8 

16.33  , 

.00 

8S5 

333* 

e 

Leonis 

3.2  , 

1  39  02 

3.42 

]  24 

*9 

33-2 

:  1 

.02 

856 

333^ 

Sextanlis  . 

5.7 

!  39  50 

i 

3. *7 

7 

*5 

44.2 

j  16.42  . 

.00 

887 

3339 

Sextantis  . 

5.6 

i  40  12 

! 

3.10 

1  2 

20 

23.3 

!  16.44 

— 

.04 

$38 

3341 

U  rsic  Majoris 

1  5-0 

40  5* 

3.9* 

46 

34 

45-2 

16.47 

- 

.  10 

SSg 

3345 

R 

Leonis 

var,  5. 2-1.0 

41  06 

3.23 

II 

59 

01.5 

16. 48 

— 

.*7 

S90 

3346 

V 

Ursie  Majoris 

3.9 

42  27 

1 

4.33 

59 

36 

06.6 

16.55 

— 

.18 

S9I 

335S 

<? 

Ursa;  Majoris 

4.8 

■  9  43  5^> 

4- 

4.13 

54 

37 

24.4 

—  16.62 

1 

.05 

992 

3366 

Leonis 

5.5 

45  04 

1 

1 

3.42 

24 

57 

44.2 

16.68 

— 

.20 

S93 

3371 

H- 

Leonis 

1  3.9 

1  45  56 

1 

1 

3.42 

1 

34 

16.9 

16.72  , 

— 

.06 

894 

3374 

7 

Sextantis.  . 

5.8  ' 

46  01 

1 

3-10 

3 

00 

47.8 

16.72 

+ 

.11 

895 

3381 

3* 

Ursac  Majoris 

5.4  1 

47  52 

1 

3-95 

1  50 

23 

07.5 

16.81 

'  1 

.00 

896 

3399 

19 

Leonis  Minoris 

5.2 

50  20  , 

3-70 

41 

37 

35-4 

16.93 

.00 

897 

3402 

Ur  SIC  Majoris 

5* 

51  35 

4.18 

57 

23 

07.3 

16.99  ' 

.00 

893 

3406 

V 

Leonis 

5.5 

51  4(> 

3.23 

*3 

00 

59-9  1 

17.00  , 

— 

.01 

S99 

3409 

1 

Leonis 

5.6 

52  4* 

3.50 

30 

13 

06.7  1 

17.04 

— 

.*3 

900 

34*5 

1  7T 

I 

Leonis 

4.9  1 

53  52 

3.t8 

8 

37 

09-5  j 

*7.09 

— 

.03 

\ 

_  ^  _  _ _ 

_ _ 

1  _ 

_ _  1 

; _ 

_ _ — 
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REPOET  OP  THE  SUPERINTENDENT  OF 


CATALOGUE  OF  STARS  FOR  OBSERVATIONS  OF  LATITUDE. 


No. 

B.  A.  C. 

Constellation. 

Mag. 

A.  R.  1880. 

Annual 

Variation. 

Declination 

1880. 

Annual 

Precession. 

Proper 

Motion. 

h. 

m. 

s. 

s. 

• 

>. 

It 

901 

3416 

20 

Leonis  Minoris  . 

5.4 

9 

54 

05 

H- 

3-47 

32 

30 

47.2 

-  17.09 

- 

•45 

902 

3423 

Leonis  .  .  . 

5.3 

56 

07 

3-36 

22 

31 

38.6 

17.19 

- 

.01 

903 

3446 

27 

Leonis  Minoris  . 

4.3 

10 

00 

21 

3.56 

35 

49 

43-9 

17.38 

+ 

.01 

904 

3453 

*7 

Leonis 

3.5 

00 

47 

3.28 

17 

20 

50.0 

17.40 

4- 

.01 

905 

3457 

A 

Leonis 

4.8 

01 

32 

3.19 

10 

35 

06.5 

17.43 

- 

.05 

906 

3458 

15 

Sextantis  . 

4.4 

01 

48 

3.08 

0 

12 

52.0 

17.44 

.01 

907 

3459 

a 

Leonis  .  .  . 

1.2 

01 

59 

3.20 

12 

33 

II-3 

17.45 

+ 

.01 

908 

3468 

Leonis  Minoris  . 

6.0 

04 

06 

3.58 

37 

59 

34.1 

17.53 

.00 

909 

3496 

32 

Ursae  Majoris  . 

5.7 

09 

18 

4.43 

65 

42 

20.9 

17.76 

- 

.04 

910 

3500 

23 

Leonis  Minoris  . 

5.8 

09 

25 

3.43 

29 

54 

26.1 

17.76 

— 

.11 

91 1 

3505 

X 

Ursae  Majoris  . 

3.4 

10 

09 

51 

+ 

3.64 

43 

30 

46.3 

-  17.78 

- 

.06 

912 

3508 

c 

Leonis 

3-4 

10 

01 

3-35 

24 

00 

54.0 

17.79 

+ 

.02 

913 

3510 

37 

Leonis 

5.5 

10 

14 

3-23 

14 

19 

33-4 

17.79 

— 

.02 

914 

3514 

Ursae  Majoris 

5.8 

II 

53 

4.67 

69 

20 

59-0 

17.86 

— 

.06 

915 

3495 

Camelopardalis  . 

5.0 

II 

58 

9-73 

84 

51 

35.7 

17.87 

- 

.05 

916* 

.  . 

Ursae  Majoris  . 

6.1 

12 

•• 

3.77 

49 

00 

.... 

17.87 

... 

917 

3522 

40 

Leonis 

5-8 

13 

12 

3.28 

20 

04 

45.1 

17.92 

— 

•23 

918 

3523 

y 

Leonis  (ist  star) 

2.2 

13 

21 

3.31 

20 

26 

52.6 

17.92 

- 

.12 

919 

3533 

Ursae  Majoris  . 

3.2 

15 

II 

3.60 

42 

06 

09.2 

17.99 

+ 

.03 

920 

3531 

Ursae  Majoris 

4.9 

15 

28 

4.40 

66 

10 

19.6 

18.00 

— 

.06 

921 

3542 

27 

Leonis  Minoris  . 

5.8 

10 

16 

12 

+ 

3-48 

34 

30 

46.5 

—  r8‘.03 

- 

.09 

922 

3528 

Camelopardalis  . 

5.0 

16 

18 

7.92 

83 

10 

03.3 

18.04 

- 

.07 

923 

3548 

28 

Leonis  Minoris  . 

5.6 

17 

15 

3.47 

34 

19 

28.9 

18.07 

- 

.07 

924 

3561 

44 

Leonis 

5.9 

18 

56 

3.16 

9 

23 

38.0 

18.14 

- 

.12 

925 

3560 

30 

Leonis  Minoris  . 

4.5 

19 

02 

3.46 

34 

24 

23.2 

18.14 

- 

.08 

926  1 

3572 

31 

Leonis  Minoris  . 

4.3 

20 

56 

3.49 

37 

19 

17.4 

18.21 

— 

.10 

927 

3580 

1 

Ursae  Majoris  . 

4.7 

22 

57 

3.89 

56 

35 

44.1 

18.23 

+ 

.01 

928 

3590 

29 

Sextantis  . 

5.0  ' 

23 

23 

3.05 

—  2 

07 

33.1 

18.30 

— 

.04 

929 

3597 

30 

Sextantis  . 

5.0  1 

24 

09 

3.07 

0 

01 

21 .0 

18.32 

— 

.03 

930 

3593 

Draconis  . 

4.8 

24 

51 

5.29 

76 

19 

48.4 

18.34 

— 

.03 

931 

3606 

i 

Leonis 

5.7 

10 

25 

48 

+ 

3.21 

14 

45 

08.1 

-  18.38 

- 

.04 

932 

3607 

Ursae  Majoris  . 

4.9 

26 

14 

3-53 

41 

02 

33.2 

18.40 

.00 

933 

3609 

i  P 

Leonis 

4.1 

26 

30 

3.16 

9 

55 

24.9 

18.40 

4 

.00 

934 

3610 

Leonis  Minoris  . 

5.8 

26 

39 

3.45 

35 

36 

22.5 

18.41 

- 

.02 

935 

3612 

'  37 

Ursae  Majoris  . 

5.0 

27 

25 

3  91 

57 

41 

58.4 

18.44 

- 

.03 

936 

3639 

Ursae  Majoris  . 

5.8 

31 

39 

3. 78  i 

54 

17 

40.3 

18.58 

.00 

937 

3640 

37 

Leonis  Minoris  . 

1 

•  1 

4.7 

31 

58  , 

3.40 

32 

35 

56.9 

18.59  * 

.00 

938 

364* 

Leonis  Minoris  . 

6.0 

32 

16 

3.45  1 

38 

32 

06. 1 

18.60 

- 

.03 

939 

3645 

I 

Ursae  Majoris 

1 

.  i 

5.6 

33 

15 

4.37 

69 

04 

10.2 

1S.63 

... 

940 

3647 

38 

Ursae  Majoris  . 

1 

* 

5.0 

33 

45  1 

4. 18 

66 

20 

39-0 

18.65 

— 

.10 

941 

3652 

Ursae  Majoris  . 

4.9 

10 

34 

28 

4.40 

69 

42 

10.6 

—  18.67 

- 

•05 

942 

3664 

39 

Ursae  Majoris  . 

5-5 

36 

08 

1 

3.84 

57 

49 

43.1 

18.72 

— 

.07 

943 

3666 

40 

Leonis  Minoris  . 

5-3 

36 

27 

3-31 

26 

57 

19.6 

18.74 

— 

.06 

944 

3665 

Ursae  Majoris  . 

5.3 

36 

29 

3.55 

46 

50 

03-3 

18.74 

+ 

.03 

945 

3671 

41 

Leonis  Minoris  . 

1 

5.2 

36 

53 

3.28 

23 

48 

58.1 

IS. 75 

— 

.o; 

946 

3685 

42 

Leonis  Minoris  . 

5.0 

39 

II 

3.35 

31 

18 

50.3 

18.82 

- 

.03 

947* 

3691 

m 

Leonis 

5.5 

39 

57 

3.24 

19 

31 

24.6 

18.84 

- 

.08 

948 

3693 

k 

Leonis 

5.5 

40 

04 

3-i8 

14 

49 

38.8 

18.84 

- 

.  10 

949 

3708 

1 

Leonis 

• 

5-2 

42 

57 

3.16  1 

1  II 

10 

48.1 

18.93 

- 

.00 

950 

3714 

42 

1 

Ursae  Majoris  . 

5.7 

43 

51 

3.83 

59 

57 

23.5 

18.96 

— 

.09 
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CATALOGUE  OF  STARS  FOR  OBSERVATIONS  OF  LATITUDE. 


No. 

B.  A,C,  j 

/ 

Constellation. 

Mag. 

A.  R.  18S0. 

Annual 

Variation. 

Declination 

1880. 

Annual 

Precession. 

Proper 

Motion. 

1 

1 

h.  m.  s. 

s. 

0  /  n 

II 

951 

■  • 

U  rsae  Majoris 

5-8 

10  45  19 

+  4.27 

70  29  35.7 

—  19.00 

952  1 

•  - 

Ursas  Majoris  (sq.)  . 

5.9 

45  20 

3-65 

53  08  31.7 

19.00 

. . . 

953 

3725 

44  Ursse  Majoris 

5.4 

46  18 

3.68 

55  13  20.0 

19.02 

-  .04 

954 

3728 

46  Leonis  Minoris  . 

4.0 

46  36 

3.37 

34  51  41.8 

19.03 

-  .25 

955  ' 

3729 

Urs<e  Majoris 

4.9 

47  04 

348 

43  49  41.7 

19.04 

—  .06 

956 , 

3733  1 

p‘  Leonis . 

5.4 

47  37 

3.06 

—  I  29  32. 1 

19.06 

.00 

957  1 

3741  1 

46  Ursae  Majoris 

5.3 

49  05 

3.34 

34  08  50.0 

19.10 

-  .06 

958 

3742  ' 

54  Leonis . 

4*3 

49  07 

3.27 

25  23  22.6 

19. 10 

—  .01 

959*i 

■  •  1 

U  rsae  Majoris  . 

5.8 

52.2 

3.58 

52  32  •... 

19.18 

... 

960  , 

3757  1 

47  U rsae  Majoris 

5.1 

52  45 

3-38 

41  04  14.5 

19.19 

-F  .06 

961* 

-  - 

Ursae  Majoris 

5.8 

10  52  51 

+  3-36 

36  44  16.8 

-  19.19 

962 

3758  1 

U  rsae  Majoris 

5.5 

53  21 

3.47 

46  10  09.0 

19.21 

.00 

963 

37^*5 

49  U rsae  Majoris 

5.> 

54  07 

3.39 

39  51  23.0 

19.23 

—  .02 

964 

3768  1 

d  Leonis . 

4.6 

54  22 

3.10 

4  15  41.2 

19-24 

-  .03 

965  1 

3769 

c  Leonis . 

5.2 

54  32 

3. II 

6  44  44.5 

19.24 

-  .06 

966 

3767 

3  Ursae  Majoris 

2.3 

54  35 

3.66 

57  01  30.9 

19.24 

H-  .03 

967 

3775 

Leonis . 

5.0 

55  42 

3.06 

—  I  50  20.4 

19.27 

-  .04 

968 

3776 

b  Leonis . 

4.4 

55  55 

3.21 

20  49  23.3 

19.27 

-f  .03 

969 

3777 

a  Ursae  Majoris 

1.9 

56  19 

3-76 

62  23  53.8 

19.28 

-  .09 

970 

3788 

X  Leonis . 

4.8 

58  50 

3. 10 

7  59  02.6 

19-34 

—  .08 

971 

3798 

p"*  Leonis . 

5.7 

II  00  47 

+  3-o6 

2  36  24.5 

-  *9.39 

-  .08 

972 

3809 

67  Leonis . 

5.6 

02  23 

3.23 

25  18  27.2 

19.42 

—  .01 

973 

381 1 

U  rsae  Majoris 

5.7 

02  43 

3.33 

36  57'37-2 

19.43 

—  .02 

974 

i  3812 

1  L*  rsae  Majoris 

3.1 

02  55 

3.40 

45  08  55.5 

19-43 

-  .08 

975 

;  3832 

P'*'  Leonis . 

5.2 

07  37 

3.08  j 

0  34  59.0 

19-53 

.00 

076 

,  3834 

1  A  Leonis . 

2.5  1 

07  43 

3.20  ■ 

21  10  51.4 

1953 

-  .14 

977 

i  3838 

!  Leonis . 

3.3 

07  57 

3.16 

16  05  07.4 

19.54 

-  .03 

978 

'  3842 

72  Leonis . 

4.9 

08  49 

3.20 

23  44  57 

19.55  1 

—  .01 

979 

3843 

1  n  Leonis . | 

5-3  1 

09  35 

3.15 

13  57  41.5 

19.57 

-  .04 

980 

'  3846 

Ursae  Majoris  ... 

5.5  1 

09  56 

3-42 

50  07  51.0 

19.58 

—  .01 

981 

1  3850 

1  75  Leonis . 

5.4 

11  II  07 

4-3-09 

2  40  1 1 . 4 

-  19.59 

-  .18 

982 

>  3851 

^  Ursae  Majoris  (ist  *)  . 

3.9 

II  47 

3-21 

32  12  16.4 

19.61 

-  .57 

983 

'  3352 

.  V  Ursae  Majoris  ... 

3.5  , 

1  12  00 

3.26  1 

33  44  56.7 

19.61 

+  .04 

984 

'  3856 

55  Ursae  Majoris  . 

4.8  ' 

■  12  35 

3.29 

38  50  37.1 

19.62 

-  .08 

9S5 

!  3S62 

<T  Leonis . 

4.3 

14  57 

3. II  1 

6  41  11.9 

19.67 

-  .03 

9  86 

3864 

'  Ursae  Majoris 

6.0  ! 

I  15  43 

3.62 

1 

64  59  10.3 

19.68 

-  .06 

<987 

1  3868 

56  Ursae  Majoris  .  .  .  [ 

5.0  1 

16  14 

3.32  j 

44  08  24.4 

19.69 

-  .07 

988 

3877 

1  t  Leonis . 

4.0 

1  17  40 

3.J3 

1 

II  M  24.5 

»9-7* 

—  .06 

989 

3879 

,  79  Leonis . 

5.6 

1  17  53 

3.08  , 

'  •  1 

2  03  57.7 

19.72 

—  .02 

990 

1  3886 

81  Leonis . 

5.8  1 

19  21 

3.14 

17  06  57.8 

19-74 

.00 

991 

1 

3tjoo 

r  Leonis . 

4.9  , 

1  II  21  46 

+  3.09  1 

3  31  00.9 

-  19-77 

—  .02 

992 

1  3905 

57  Ursx  Majoris 

5  3 

22  36 

3.25  ! 

39  59  49-4 

19.79 

—  .01 

993 

I  39«5 

86  Leonis . 

5.5 

24  13 

3.14 

19  04  13.5 

19.81 

-F  .01 

994 

!  3914 

Draconis . 

3.8 

24  16 

3.63 

69  59  34.6 

19.81 

—  .06 

995 

3918 

Ursae  Majoris  .  .  .  ' 

5.8 

25  32 

3.45 

61  44  54-1 

19.82 

.00 

996 

1  3932 

90  Leonis . 

1  5.7 

28  28 

3-13 

17  27  35.0 

19.87 

+  .01 

997 

j  393* 

Ursae  Majoris 

5.8 

28  28 

3.35 

55  26  53.3  1 

19.87 

.00 

998 

3933 

2  Draconis . 

5.2 

29  00 

3.58 

69  59  26.3 

19.87 

—  .10 

999  , 

3937 

Leonis . 

5.6 

29  59 

3-16  j 

28  26  38. 2 

19.88 

1000  1 

3946 

V  Leonis . 

4.7 

30  48 

3-07 

—  0  09  41.2 

j  -94  , 

19.89 

4-  .05 

S.  Ex.  37 - 14 
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No. 

B.  A.C. 

Constellation. 

Mag. 

A.  R.  18S0. 

Annual 

Variation. ' 

Declin^ion 

.1880. 

Annual 

Precession. 

Proper 

Motion. 

h.  m.  s. 

s. 

- 

n 

lOOI 

3949 

Ursae  Majoris 

6.3 

II  31  23 

+  3-28 

51 

17 

00.0 

-  19.90 

.00 

1002 

2952 

59 

Ursae  Majoris 

5.5 

31  57 

i  3.22 

44 

17 

25-5 

19.90 

- 

.08 

1003 

3964 

92 

Leonis 

5.2 

1  34  33 

3.13 

22 

01 

08.8 

1993 

+ 

.01 

1004 

3965 

61 

Ursae  Majoris 

5.1 

34  44 

3.17 

34 

52 

46.0 

^9-93 

- 

.41 

1005 

3966 

62 

Ursae  Majoris 

5.8 

35  19 

314 

32 

24 

37.8 

19.94 

•  03 

1006 

3968 

3 

Draconis  . 

5.1 

35  46 

3-41 

(^7 

24 

32.5 

19.94 

-h 

.06 

1007 

3979 

> 

Virginis  . 

4.8 

39  06 

3.09 

8 

55 

30.7 

19.97 

- 

.02 

1008 

39S2 

V 

Virginis  . 

■  * 

4.3 

,  39  41 

,  3.09 

7 

12 

06.0 

19.97 

— 

.21 

1 009 

3981 

X 

Ursae  Majoris  . 

3-8 

39  43 

3.20 

48 

26 

41. 1 

19.97 

.02 

1010  , 

3985 

Ursae  Majoris 

5.5 

40  30 

3.24 

56 

17 

46.1 

19.98 

.00 

lOII  1 

3989 

A« 

Virginis  . 

5.8 

1*  41  45 

+  3-09 

8 

54 

43-6 

-  '9-99 

— 

.02 

1012 

3990 

93 

Leonis 

4.2 

41 48 

3.12 

20 

53 

09.0 

19.99 

.00 

1013  1 

3995 

Leonis 

2.1 

42  56 

3.06 

15 

14 

34.5 

20.00 

— 

.  10 

1014 

3998 

Ursae  Majoris 

5.5 

43  28 

3.14 

35 

35 

54.1 

20.00 

- 

.03 

1015 

4002 

Virginis  . 

3.7 

44  27 

3.12 

2 

26 

27.0. 

20.01 

— 

.28 

1016 

4017 

y 

Ursae  Majoris 

2.4 

47  31 

3.18 

54 

21 

42.3 

20.02 

.00 

1017 

4027 

A2 

Virginis  . 

5-6 

48  54 

3.08 

9 

06 

39-5 

20.03 

.02 

1018 

4031 

0 

Leonis 

5.5 

49  30 

3  09 

16 

18 

53.0 

20.03 

.06 

1019 

4033 

66 

Ursae  Majoris 

5-8 

49  42 

3.17 

57 

15 

58.6 

20.03 

— 

,02 

1020* 

Ursae  Majoris 

6.0 

52  .. 

311 

33 

49 

20.04 

.00 

1021 

4049 

b 

Virginis  . 

5.5 

"  53  48 

+  3-07 

4 

19 

24.8 

—  20. C4 

— 

.02 

1022 

4052 

TT 

Virginis  . 

4.4 

54  43 

3.08 

7 

16 

59‘9 

20.05 

- 

.04 

1023 

•  • 

184 

Ursae  Majoris  . 

5.6 

55  3* 

3. 10 

36 

42 

QO 

OD 

20.05 

.  .  . 

1024 

4057 

67 

Ursae  Majoris 

5.1 

56  01 

3.07 

43 

42 

39-4 

20.05 

-h 

.02 

1025 

4066 

2 

Comae 

5.8 

58  08 

3.08 

22 

07 

39-5 

20.05 

+ 

.01 

1026 

4070 

Camelopardalis  . 

5.9 

58  42 

3-^9 

86 

15 

07.8 

20.05 

4- 

.04 

!  1027  1 

4072 

9 

Virginis  (0)  . 

4.2 

59  06 

3.06 

9 

23 

59-0 

20.05 

4- 

•05 

1028  ' 

Draconis  . 

5.5 

59  08 

3.14  , 

77 

34 

38.7 

20.05 

1029 

4074  i 

Ursae  Majoris 

5.8 

59  36 

3.08 

^>3 

36 

15.0 

20.05 

.00 

1030 

4099  1 

3 

Comae. 

6.0 

12  04  25 

3.06 

17 

23 

38.6 

20.05 

1  -h 

1 

.01  , 

1031 

4100  j 

Comae 

6.0 

12  04  40 

+  3.C'7 

27 

56 

57.7 

-  20.05 

1 

.02  1 

1032 

4107  i 

4 

Comae 

5.6 

05  46 

3.06 

26 

32 

21.0 

20.05 

I 

+ 

.01  j 

1033 

4110 

1  5 

Comae 

5.8 

06  03 

3.06 

21 

12 

35.8 

20.05 

t  4- 

.02  1 

i  1034  ' 

4112 

Draconis  . 

4.8 

06  34 

2.89 

78 

16 

58.7 

20.04 

1  - 

1 

.01 

1  1035  ' 

4122 

Draconis  . 

5.6 

09  25 

2.91 

70 

52 

05.8 

20.04 

j 

.00 

1036 

4123 

6 

Ursae  Majoris 

3.3 

09  29 

3-00 

57 

41 

56.1 

20.04 

1 

.06 

'  1037 

4125 

Comae 

5.0 

1  09  55 

3.06 

15 

34 

02.3 

20.04 

.01  j 

1038 

4126 

2 

Canum  Venaticorum  . 

5.3 

10  07 

3.02 

41 

19 

42.8 

20.03 

1 

•03  1 

1039 

4127 

1  7 

Comae 

5.2 

10  16 

3.04  1 

24 

36 

44.8 

20.03 

.00  1 

1040 

4128 

1 

Canum  Venaticorum  . 

5.0 

10  28 

3.04 

33 

43 

55.7 

20.03 

- 

.18 

1041* 

.  • 

Comae 

5-7 

12  II. 5 

+3.03  ‘ 

29 

37 

—  20.03 

1 

i 

1042 

4143 

Draconis  . 

5.5 

13  27 

2.79 

75 

49 

36.8 

20.02 

.02 

1043 

4M5 

, 

Virginis  . 

3.5 

13  46 

3.0O  , 

0 

00 

00.9 

20.02 

1 

.01  1 

1044 

4148 

i  3 

Canum  Venaticorum  . 

5.5 

13  54 

2.98  1 

49 

39 

00. 1 

20.02 

- 

.06  1 

TO45 

4151 

c 

Virginis  . 

5.0 

14  15 

3.05 

3 

58 

52.0 

20.02 

- 

.07  i 

1046  ^ 

4153 

D.  M.  27®,  2114  . 

4.9 

14  18 

1  3-03 

27 

n 

23.4 

20.02 

.00 

1047* 

D.  M.  27°.  2115  . 

5.8 

14.6 

3.03 

27 

44 

20.02 

...  1 

1048 

4156 

1 1 

Comae 

4.6 

14  39 

304 

18 

27 

21.9 

20.01 

4- 

.07 

1049 

4159 

70  Ursae  Majoris 

5.8 

15  02 

2.94 

58 

31 

57-2 

20.01 

.  — 

.06  1 

1050 

4169 

12 

Comae 

5.0 

16  28 

1 

j  3-02 

26 

30 

44.6 

20.00 

1 

+ 

.01  ' 
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No. 

1 

3.  A.  C. 

Constellation. 

Mag. 

A.  R.  f88o. 

Annual 

Variation. 

Declination 

1880. 

Annual 

Precession. 

Proper 

Motion. 

1 

h.  m.  s. 

s. 

0 

f$ 

n 

„ 

1051  1 

4180 

5 

Canum  Venaticorum  . 

5.< 

12  18  11 

+ 

2.94 

52 

13 

37-1 

-  19-99 

- 

.02 

1052 

4181 

*3 

Comse  - . 

5.3 

18  17 

3.02 

26 

45 

50.9 

19.99 

- 

.02 

1053 

4184 

ComaB . 

6.0 

19  <3 

3-04 

24 

35 

314 

19-98 

- 

.14 

i054 

•  • 

D.  M.  64*,  896  ..  . 

5-8 

19  30 

2.83 

64 

28 

03.7 

19. 98 

.  .  . 

1055 

4IS8 

6 

Canum  Venaticorum  . 

4.9 

19  56 

2.97 

39 

41 

02.8 

19.98 

- 

.09 

>056 , 

4191 

14 

Comae . 

5.0 

20  24 

3.01 

27 

55 

59-4 

19.97 

- 

.02 

1057  i 

4195 

*5 

Comae . 

4.5 

20  57 

3.00 

28 

56 

08.3 

19.97 

.  10 

1058 

4196 

16 

Comae . 

5.1 

20  59 

3.01 

27 

29 

25.7 

19.97 

.00 

1059 

4203 

73 

U  rsae  Majoris  . 

5.6 

21  52 

2.88 

56 

22 

36.8 

19.96 

- 

.05 

1  1060 

4207  j 

17 

Comae  .  .  . 

5.6 

22  55 

3.01 

26 

34 

39-4 

19-95 

.01 

1061 ' 

1 

4209 

18 

Comae  ..... 

5.6 

12  23  27 

+ 

3.01 

24 

46 

17.8 

~  19-95 

— 

.08 

1  1062  i 

42X2 

20 

Comae . 

5.7 

23  42 

3.03 

21 

33 

40.0 

19-94 

.00 

1  1063 

4216 

74 

U  rsae  Majoris 

5*5 

24  21  . 

2.83 

59 

03 

57.3 

19-94 

.06 

>  1064  . 

4222 

4 

Draconis . 

4.8 

24  51 

2.68 

69 

51 

57.0 

19.93 

- 

.09 

1  *065  t 

4223 

21 

Comae . 

5-3 

25  01 

3.01 

25 

13 

50.0 

19.93 

- 

.05 

1066 , 

4233 

Canum  Venaticorum  . 

5.4 

27  44 

3.02 

33 

54 

390 

19.91 

- 

.07 

1067  j 

4235 

8 

Canum  Venaticorum 

4.4 

28  02 

2.86 

42 

00 

35.4 

19.90 

+ 

.30 

1  1068 

4239 

K 

Draconis . 

3.8 

28  21 

2.60 

70 

26 

57.8 

19.90 

- 

.03 

1069 

4240 

23 

Comae . 

5.1 

28  52 

3.01 

23 

17 

25.1 

19.99 

.00 

1070 

4242 

24 

Comae . 

4.6 

29  07 

3.02 

19 

02 

16.0 

19.89 

.00 

1071 

4246 

6 

Draconis . 

5.0 

12  29  39 

2.60 

70 

40 

59-5 

-  19.89 

- 

.02 

,  *072  ; 

4248 

25 

Comae . 

5.7 

30  57 

3.02 

17 

45 

03.1 

19.87 

- 

.04 

j  1073 

4254 

Virginis . 

5.8 

32  15 

3.06 

2 

30 

54.2 

19.85 

- 

.09 

1074 

.  . 

R 

Virginis . 

var.  6.4-11. 

32  25 

3.05 

7 

38 

55.4 

19.85 

•075  1 

4260 

26 

Comae . 

5.6 

33  09 

2.99 

21 

43 

22.7 

19.84 

+ 

.OI 

1  1076  ; 

.  . 

Canum  Venaticorum  . 

5.8 

33  26 

2.93 

36 

36 

42.4 

19.84 

.00 

1077+ 

4268 

y 

Virginis . 

2.8 

35  35 

! 

3-03 

—  0 

47 

30.2  1 

19.81 

- 

.05 

1078  , 

4271 

p 

Virginis . 

50  I 

35  49 

3.03 

10 

53 

50.2  j 

19.81 

- 

.10 

1079  i 

1  4274 

31 

Virginis  (d')  .... 

5.8  1 

j  35  52 

3-04 

7 

27 

55.5 

19.81 

- 

.04 

1080 

1 

1  4287 

Canum  Venaticorum  .  ' 

5.0 

39  29 

2.83 

46 

05 

46.9 

19.76 

.00 

! 

t  1081 

4286 

Virginis . 

5-8 

12  39  33 

3.04 

8 

19 

46.4 

-  19-75 

.04 

1082 

4290 

27 

Comae . 

5.0 

40  39 

3.00 

17 

13 

59.3 

19.74 

+ 

.ot 

1083 

4300 

Ursae  Majoris 

j  5.8  ' 

42  II 

2.58 

63 

26 

II. 4 

•  19.71 

.00 

1084 

4302 

7 

Draconis . 

5.3 

42  40 

1 

1 

2.52 

67 

26 

44.7 

19.71 

+ 

.01 

1085 

4301 

29 

Comae . j 

5.6  ^ 

42  53 

3.01 

14 

46 

40.0  j 

19.70 

1  - 

.06 

1086* 

.  . 

Comae . 

6.0 

43  .. 

1 

2.95 

25 

30 

19.70 

1087 

4303 

1 1 

Canum  Venaticorum  . 

6. 1 

43  II 

1 

1 

2.80 

49 

07 

14.9 

19.70  • 

;  - 

.05 

10S8 

4305 

Ursae  Majoris  ... 

6.0  ' 

43  25 

1 

1 

1 

2.62 

60 

58 

28.4 

19.69 

.00 

*  1089 

j  43i< 

Canum  Venaticorum  . 

5.8  ■ 

44  29 

1 

2. 37 

38 

10 

1 

12.5  j 

j  49. 68 

i 

.oo* 

1090 

1  43*5 

3< 

Comae . 

5.0 

45  51 

2.93 

28 

II 

39-7 

19.65 

.00 

1091 

'  4328 

35 

Comae . 

5.0 

12  47  23 

4- 

2.96 

21 

53 

50.9 

-  19-63 

- 

.04 

1092 

.  4329 

i  41 

Virginis . 

5.8  : 

47  49 

3-01 

13 

04 

15.4 

19.62 

— 

.05 

<093  1 

1  4342 

j 

Camelopardalis  (sq.)  . 

5.2 

48  15 

0.37 

84 

03 

53.6 

19.61 

— 

.02 

1094 1 

4335 

1  t 

I 

Urs»  Majoris  . 

1.7  ; 

48  45 

1 

2.66 

56 

36 

39.4 

19.60 

- 

.06 

1095 1 

434  i 

Canum  Venaticorum  . 

5.7 

49  28 

j 

2.75 

47 

50 

52.4 

19.59 

1 

.00 

1096 

4340 

cl 

Virginis . ! 

3.6 

49  34 

3.02 

4 

02 

58.9 

19-59 

- 

.09 

1097 

4346 

12 

Canum  Venaticorum  . 

2.8  ' 

50  25 

2.81 

38 

58 

00.4 

19-57 

4- 

.06 

1098  1 

4347 

.  8 

Draconis . 

4.9 

50  42 

j 

2.42 

66 

05 

22.4 

19.56 

- 

.06 

1099 

435* 

1  3^ 

Comie . 

»  4.9 

52  59 

2.97 

18 

03 

24.9 

[  »9-52 

i  4- 

.06 

1100 

4360 

37 

Com® . 

1 

1  5  0 

54  32 

2.88 

3< 

25 

58.4 

19-49 

.00 

f  Double.  South  star. 
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No. 

B.  A.C. 

Constellation. 

Mag. 

A.  R.  1880. 

Annual 

Variation. 

Declination 

18S0. 

Annual 

Precession. 

Proper 

.Motion. 

h.  m.  s. 

s. 

0  , 

IIOI 

•  • 

Draconis . 

6.0 

12  55  15 

-H  1.78 

76  07  09.5 

-  19.47 

.00 

1102 

4365 

9  Draconis . 

5.4 

55  23 

2.29 

67  14  41.0 

19-47 

—  .02 

1103 

4365 

78  Ursae  Majoris 

5.6 

55  35 

2.59 

57  00  49.3 

19.47 

4-  .02  1 

1104 

4367 

e  Virginis  ..... 

3.0 

56  12 

2.99 

II  36  16.2 

19.45 

+  -03 

1105 

4371 

Draconis . 

5.8 

57  06 

2.38 

64  15  18.3 

19.43 

-h  .02 

1106 

.  ■ 

Canum  Venaticorum  . 

5.8 

58  25 

2.75 

43  39  08.6 

19.41 

.00  1 

1107 

4384 

14  Canum  Venaticorum  . 

5-3 

13  00  08 

2.82 

36  26  28.9 

19.37 

.00  i 

1108 

4389 

Canum  Venaticorum  . 

5.4 

00  28 

2.71 

45  54  37.0 

19.36 

.00  , 

1109 

4387 

39  ComaR . 

5.8 

00  30 

2.93 

21  47  51.2 

19.36 

1 

-  .03 

IIIO 

4388 

40  Comae . 

5.7 

00  32 

2.93 

23  15  38.5 

19.36 

+  .02 

Till 

.  . 

Ursae  Minoris 

6.0 

13  01  07 

+  1.87 

73  40  03.0 

-  19.35 

.00  * 

III2 

4390 

41  Comae . 

4.9 

01  25 

2.85 

28  16  07.7 

19.34 

—  .09  ^ 

III3 

4392 

Ursae  Majoris 

'  6.0 

01  39 

2.39 

62  41  08.4 

19.33 

-  .03 

1114 

4407 

Canum  Venaticorum  . 

6.0 

04  07 

2. 78 

38  03  46.5 

19.27 

.00 

III5 

4406 

42  Comae . 

4.8 

04  09 

2.92 

18  09  52.0 

19.27 

1 

4-  .13  < 

III6 

4421 

43  Comae . 

4.7 

06  16 

2.81 

28  29  13.2 

19.22 

4-  .91 

III7 

4423 

Virginis . 

6.0 

06  35 

2.99 

12  II  41.4 

19.21 

-  .04 

1118 

4433 

Canum  Venaticorum  . 

4.9 

08  16 

2.73 

40  47  17.2 

19.17 

—  .06  1 

IIT9 

4438 

19  Canum  Venaticorum  . 

5.8 

10  08 

2.72 

41  29  22.0 

19.  12 

4-  .02 

1120 

4440 

e  Virginis . 

5.6 

10  49 

2.98 

10  03  05.7 

19. 10 

+  .19  1 

I121 

4444 

Virginis . 

5.4 

13  11  20 

+  2-97 

14  18  25.8 

-  19.09 

—  O.Il 

1122 

4446 

0  Virginis . 

5.0 

”  33 

3.03 

6  06  10.4 

19.08 

4-  .06 

1123 

4451 

20  Canum  Venaticorum  . 

4.8 

12  10 

2.70 

41  12  18.5 

19.07 

4-  .03  1 

1124^1 

Draconis . 

6.0 

12.5 

1. 99 

69  02  .... 

19.06 

1125 

4456 

21  Canum  Venaticorum  . 

5” 

*  t3  08 

1  2.57 

50  18  47.3 

19.04 

-  .03 

1126 

4467 

23  Canum  Venaticorum  .  j 

5.6 

i  M  56 

1  2.70 

40  46  51.5 

1  18.99 

-  .01  1 

1127* 

4470 

Virginis . 

5.5 

15.6 

3-05 

2  43  . . ■ . 

1  18.97 

1128 

4479  1 

D.  M.  37^  2404  .  .  . 

5.8 

18  27 

1  2.72 

37  39  40-2 

18.89 

.00  ! 

li2g 

4484 

^  Ursae  Majoris 

2.0 

i  19  06 

j  2.43 

55  33  08.2 

18.87 

-  .04 

1130 

•  • 

Comae . 

5.6 

19  23 

2.86 

24  28  49.8 

18.86 

... 

1131 

4493 

80  Ursae  Majoris  (g) 

i  4.9 

13  20  25 

+  2.42 

55  36  48.3 

-  18.83 

-  .03  1 

1132 

Canum  Venaticorum  . 

5.8 

21  07 

1  2. 58 

46  39  1 1. 8 

18.81 

.00 

1133 

4499 

70  Virginis . 

1  5.3 

1  22  34 

2.93 

14  25  11.9 

18.76 

-  -57 

1134 

4506 

Ursae  Minoris 

;  5.5 

1  23  04 

1.52 

73  00  52.8 

18.75 

-  .03  i 

1135 

4510  1 

Ursae  Majoris 

1  5.2 

24  03 

1  2.21 

[ 

60  33  54.5 

18.72 

—  .02 

T136 

4527 

Camelopardalis  . 

5.8 

^  25  57 

0.45 

79  15  49-9 

18.66 

4-  .02 

”37 

4526 

Comae . 

6.0 

27  07 

2.84 

24  58  15. 1 

18.62 

.CO  i 

1138 

4529 

78  Virginis  («).... 

j  4.9 

1  28  03 

3-03 

4  16  32  3 

18.59 

-  .04 

*”39 

4532  1 

^  Virginis . 

1  3-4 

i  28  35 

'  3-05 

0  01  05.8 

J8.57 

4-  .06  1 

1140 

4536  1 

Canum  Venaticorum  . 

1 

'  29  26 

2.68 

37  47  48.5 

18.54 

“  -09  1 

1141 

4540  1 

81  Ursae  Majoris 

;  5.8 

'  13  29  31 

1  +  2.32 

55  57  49-5 

-  18.54 

1 

—  .02  , 

1142 

4538 

24  Canum  Venaticorum  . 

i  4.7 

!  29  33 

2.46 

49  37  46.7  ! 

18.54 

—  .02 

1143* 

•  . 

Comae . 

1  5.8 

1  31.3 

2.83 

25  13  .... 

18.48 

1144 

4552 

25  Canum  Venaticorum  . 

5.1 

32  08 

'  2.68 

36  54  20.2 

1S.45 

.00 

1  H45 

Camelopardalis  . 

6.0 

32  20 

0.81 

77  09  33.8 

18.45 

...  1 

1146 

4559 

Bootis . 1 

5.2  i 

1  33  40 

2.97 

II  21  22.5 

IS.4O 

1  •  i 

”47 

.  . 

Ursae  Minoris  ... 

5.7  1 

i  34  18 

1.44 

71  51  10.7 

18.38 

I  .00 

1148* 

.  . 

Canum  Venaticorum  .  j 

1  5.8  1 

1  34.8 

2.74 

31  37  .... 

18.36 

1  . . .  i 

1  ”49 

4564 

82  Ursae  Majoris 

1 

34  52 

2.33 

53  31  39.9 

18.36 

-  .01  1 

”50 

1 _ 

4562 

I  Bootis . 

1 _ _ 

5.4 

34  57 

2.87 

20  33  47.1 

18.36 

_ J 

4-  .02 
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No.  B 

.  A.  C. 

Constellation. 

Mag. 

A.  R.  1880. 

Annual 

Variation. 

Declination 

18S0. 

Annual 

Precession. 

Proper 

Motion. 

h.  m.  s. 

s. 

0  /  »/ 

n 

11 

1151 

4566 

2  Bootis . 

5.5 

13  35  22 

+  2.84 

23  06  15.6 

-  18.34 

+  .01 

1152 

4568 

83  Ursae  Majoris 

5.3 

36  11 

2.28 

55  17  19-7 

*8.31 

-  .05 

1153 

4570 

84  Virginis . 

5.5 

37  02 

3.01 

4  08  44.9 

18.28 

—  .08 

1154 

.  * 

Canum  Venaticorum  . 

6.2 

37  22 

2.57 

42  16  46.0 

18.27 

. . . 

”55 ; 

4577 

Draconis . 

5.8 

37  45 

1.86 

65  25  35-« 

18.25 

-  .27 

list*  i 

4595 

D.  M,  39'',  2678  . 

5.9 

41  07 

2.61 

39  06  18.8 

18.13 

.00  1 

”57 

4Sg6 

Canum  Venaticorum  . 

6.0 

41  08 

2.56 

41  41  30.6 

18.13 

.00 

1158 1 

4594 

3  Bootis . 

5-8 

41  Oi) 

2.79 

26  18  18.7 

18.13 

—  .01 

”59  1 

4597 

r  Bootis . 

4*5 

41  34 

2.85 

18  03  20.3 

18.12 

+  .05 

1160  1 

4600 

Canum  Venaticorum  . 

5.6 

41  50 

2.60 

3Q  08  37.6 

18.11 

...  1 

1161 

4614 

D,  M.78^466  .  .  . 

5.6 

13  42  10 

+  o.iS 

78  39  55-5 

—  i8.og 

+  .07  , 

1162 

4607  1 

jy  Ursae  Majoris 

1.8 

42  49 

2.37 

49  54  45.2 

18.07 

—  .03  1 

”63 

4610  1 

Canum  Venaticorum  . 

5-6 

43  >4 

2.71 

31  47  10.6 

18.05 

.00 

1164 

1  4f'i5 

V  Bootis . 

4.3 

43  41 

2.89 

l6  23  38. 3 

18.04 

+  .05 

1165 

1  4618 

e  Bootis . 

4.9 

44  02 

2.84 

21  51  38.2 

18.02 

+  .16 

1166^ 

46*8 

Canum  Venat.  (sq.) . 

5*4 

45  51 

2.65 

35  15  41.2 

17.95 

1167 

Draconis . 

5.8 

45  51 

1.95 

62  05  20.7 

17.95 

.00 

1168 

4632 

Canum  Venaticorum  . 

5.2 

46  30 

2.65 

35  02  21.6 

17.92 

.00 

”69 

4640 

Canum  Venaticorum 

5.8 

47  44 

2.74 

29  14  19.2 

17.88 

—  .12 

1170 

4646 

i  Draconis . 

4.8 

47  56 

2.76 

65  18  58. 2 

17.87 

-  .04 

1171 

.  . 

Ursae  Minoris 

6.0 

13  48  04 

+  1.50 

68  54  39.0 

-  17-87 

. . . 

1172 

'  4648 

Bootis . 

2.9 

48  58 

2.86 

18  59  59.9 

17.83 

-  .33 

”73 

4649 

86  Ursae  Majoris  . 

5.8 

49  26 

2.22 

54  19  05-7 

17.81 

-  .11 

”74 

4651 

92  Virginis . 

5.7 

50  21 

3.05 

I  38  17.5 

17.78 

■f  .03 

”75 

4656 

9  Bootis . 

5.0 

51  05  . 

2.74 

28  04  51.6 

;  17.75  ; 

;  -  .05  1 

1176 

4664 

'  10  Bootis.  ..... 

5.6 

53  01 

2.81 

:  22  16  56.5 

17.66 

i  —  .02  1 

”77 

♦ 

Bootis . 

5.8  , 

55.4 

2.96 

1  9  29  .... 

17.56 

1178 

4672 

r  Virginis . 

4.2 

55  32  ' 

3.05 

2  07  32.3 

17.56 

-  .07 

”79 

* 

Canum  Venaticorum  . 

6.4 

57.4^  , 

2.39 

46  20  .... 

17-48 

... 

1180 

4684 

1  Bootis . 

6.2 

58  32 

2.25 

51  32  54  6 

17-43 

' 

-  .09  , 

1181 

4696 

1  a  Draconis . 

•  3.8 

14  01  08  1 

H-  1.62 

64  56  57.6 

-  17.32  , 

j  -  .03  1 

11S2 

4699 

Bootis . 

5.2 

03  08  I 

2.41 

44  25  30-5 

17.23  1 

1  —  .12 

1183 

4701 

13  Bootis  ,  .  ,  .  . 

5-2 

03  48 

2.24 

j  50  01  29.8 

17.20 

-  .03 

1184 

1  4706 

d  Bootis . 

4.8 

04  56 

2.74 

25  39  39.2 

17.15  1 

-  .05  j 

”83 

i  .  . 

1  D.  M.  60®,  1516  . 

5.8 

05  03 

1.87 

1  59  54  23.7 

17.14 

1186 

;  47»3 

Virginis . 

4.7  • 

06  II 

3-04 

2  58  29-5 

17.08  j 

!  “  -^4  , 

1187 

4724 

15  Bootis . 

5.5 

08  58 

2.94 

'  10  39  59-5 

;  16.96 

-  .17 

ii38 

4726 

K  Bootis  .  .  .  .  •  . 

4.5 

09  II 

2.16 

52  21  04.5 

16.95 

—  .02 

11S9 

4733 

4  Ursae  Minoris  . 

5.0 

09  21 

—  0.33 

78  06  39.2 

16.94 

—  .01 

1190 

4733 

Ursae  Minoris  . 

5.3 

09  49 

+  1.02 

^  59  44.9 

16.92 

—  .06  1 

1191 

4729 

a  Bootis . 

0.2 

14  10  fi 

+  2.73 

19  48  29.7 

—  16.90 

'  -1.93 

1192 

4741 

A  Bootis . 

4.2 

1  ”  49 

2.29 

46  38  22.9 

16.83 

'  +  ”3 

”93 

4742 

t  Bootis . 

4.8 

”  55 

2.13 

51  55  16.0 

16.82 

+  .07  1 

”94 

4747 

A  Bootis . 

4.8 

12  55 

2.53 

1  36  03  49.5 

16.77 

.00 

”95 

4748 

V  Virginis  .  .  .  .  • 

4.9 

13  22 

3.09 

I  42  36.0 

16.75 

-  .09 

1196 

4751 

18  Bootis  .... 

5.5 

'  13  28 

2.90 

*3  33  34.0 

16.75 

+  .07 

1197 

4753 

20  Bootis . 

5.2  ! 

!  M  05 

1  2.84 

I  16  51  26.9 

1  16.72 

4-  .10  1 

1198  1 

47S8 

Bootis . 

5.9 

1452  1 

2.46 

39  20  46.3 

1  16.68 

,  .00  1 

”99 

4766 

Bootis . 

4-9  1 

17  29  ' 

2.96 

8  59  34.8  1 

1  16.55 

—  .06  ; 

1200  1 

4773 

Bootis . 

1 

5.2 

18  13 

2.98 

I 

6  81  55.0 

16.52 

H-  .03 
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No. ' 

B.A.C. 

Constellation. 

Mag. 

A.  R. 1880. 

Annual 

Variation. 

Declination 

1880. 

Annual 

Precession. 

Proper  ' 
Motion. 

1 

h.  m.  s. 

s 

0  »  1, 

9t 

"  i 

1201 

4789 

^  Bootis . 

4.2 

14  21  07 

-h  2.04 

52  24  21. I 

—  16.37 

-  .41  ! 

1202 

4792 

<p  Virginis . 

4.9 

22  01 

3.09 

—  1  41  21.2 

16.32 

—  .02  1 

1203 

4804 

24  Bootis  (g) . 

5.7 

24  27 

2.09 

50  22  55.9 

16.20 

-  .09  j 

1204 

4808 

P  Bootis . 

3.8 

26  39 

2.59 

30  53  56.7 

16.09 

-h  .14 

1205 

4810 

26  Bootis . 

5-4 

27  05 

2.72 

22  47  19.8 

16.06 

-H  .05  i 

I206 

4812 

y  Bootis . 

3.1 

27  15 

2.42 

38  50  01. I 

16.05 

+  .14  ' 

1207 

4822 

5  Ursa;  Minoris  . 

4.6 

27  48 

—  0.20 

76  >3  44.3 

16.02 

—  .02 

1208* 

.  . 

Draconis . 

5.7 

28.8 

-h  1.88 

55  56  .... 

15.97 

1209 

4823 

a  Bootis . 

4.9 

29  27 

2.61 

30  16  01.5 

15.94 

+  .12 

1210 

4830 

Bootis . 

5-9 

30  28 

2. 10 

49  53  29-9 

15.88 

.00 

1211 

4841 

Bootis . 

5.8 

14  33  42 

-h  2.26 

44  09  36.1 

-  15.71 

.00 

1212 

4S43 

33  Bootis . 

5.4 

34  22 

2.23 

44  55  21.8 

15.68 

—  .10 

1213 

4845 

Bootis . 

5.7 

34  28 

1.90 

54  32  3«-6 

15.67 

—  .06 

1214* 

.  . 

Bootis . 

6.0 

34.9 

2.73 

22  30  .... 

15.65 

1 

1215 

4847 

TT  Bootis,  (ist  *)  .  .  . 

4.1 

35  05 

2.82 

16  56  01.8 

15.64 

4-  .02 

1216 

4849 

C  Bootis . 

3.7 

35  25 

2.86 

14  14  38.7 

15.62 

.00 

1217 

4850 

31  Bootis . 

5.1 

35  45 

2.99 

8  40  32.7 

15.60 

-  .02  , 

1218 

4853 

32  Bootis . 

5.4 

35  58 

2.89 

12  10  44.7 

15.58 

-  .07 

1219 

4864 

34  Bootis . 

5.4 

38  09 

2.64 

27  02  20.9 

15.47 

-H  .01  1 

1220 

4874 

Draconis . 

5.8 

39  04 

1.48 

61  46  26.9 

15.42 

.00 

1221* 

.  . 

Virginis . 

6.0 

14  39  00 

+  3.09 

-  0  54 - 

“  15.42 

. . . 

1222 

4870 

Bootis . 

5.4 

39  05 

2.33 

40  58  03.3 

15.41 

.00 

1223 

4873 

0  Bootis . 

4.5 

39  38 

2.80 

17  28  24.2 

15.38 

-  .04 

1224 

4876 

t  Bootis . 

2.6 

39  45 

2.62 

27  34  51-6 

15.38 

-  .03  1 

1225 

4878 

109  Virginis . 

3-9 

40 11 

3.03 

2  23  57.8 

15.35 

—  .02 

1226* 

.  .  1 

Bootis . 

5.6 

40.5 

2.83 

15  38  .... 

15.33 

. . . 

1227 

4898 

11  Librae . 

5-1* 

44  48 

3-10 

1  47  53.5 

15.09 

-  .14  1 

I22S* 

.  .  i 

Bootis . 

5.7 

44-9 

2.67 

1  24  25  ... . 

15.09 

. . . 

1229 

4903 

38  Bootis  (h)  .... 

5.8 

45  02 

2.14 

I  46  37  01. 0 

15.08 

-  .09 

1230 

4907 

39  Bootis . 

5.7 

45  37 

2.04 

1  49  12  52.1 

15.04 

H-  .02  1 

1231 

4906 

Bootis . 

5.6 

14  45  46 

+  2.38 

37  45  52.0 

-  15.03 

.00 

1232  ' 

4905 

^  Bootis,  (2d  *).  .  .  . 

4.7 

45  51 

2.77 

'  19  35  57-8 

15.02 

-  .  14 

1233 

4918  1 

Draconis . 

5.5 

48  24 

1.52 

59  46  54.3 

14.88 

H-  .07 

1234 

4936 

(i  Ursae  Minoris 

2.2 

51  04 

—  0.25 

74  38  44.2 

14.72 

-  .03 

1  1235 

493 « 

Librae . 

6.0 

51  24 

+  3.07 

0  18  59.8 

i  14.70 

-  .04 

I  1236 

4937  i 

Bootis . 

1  5.8 

52  25 

2.01 

50  07  09.7 

14.64 

-  .27 

1237 

4943 

40  Bootis . 

5.4 

55  Cit 

2.30 

39  44  30.8 

i  14.49 

+  .03 

1238  I 

4949 

Ursae  Minoris  . 

4.6 

55  41 

0.94 

66  24  38.2 

14.44 

+  .05 

;  1239  ! 

4951 

40  Virginis . 

4.7 

56  50 

3.03 

1  2  33  49.3 

14.38 

4-  .01 

1240  > 

4953 

w  Bootis . 

4.7 

56  5J 

2.63 

25  28  59.6 

1  14.38 

-  .06 

1 

!  1241 

4958 

f3  Bootis . 

3.6  i 

>4  57  26 

+  2.26 

40  51  52.2 

-  14.34 

-  .04 

1  1242  [ 

4961  1 

'  Bootis . 

5.7 

58  19 

2.41 

35  40  35-7 

14.29 

.00 

1243 

4982  [ 

Camelopardalis  . 

5.8 

58  31 

-  4.58 

j  83  00  16.5 

14.27 

.00 

1244* 

4967 

Draconis . 

5.8 

58  39 

1  +  1.38 

'  604033-5 

14.27 

. . . 

1245  - 

4')69 

rjj  Bootis . 

4.6 

59  >8 

2.57 

27  24  59-1 

14.22 

—  .01 

1246  1 

4974 

i  Bootis . 

4.8 

59  50 

1.98 

48  07  18. I 

14.19 

4-  .03 

1  1247 

4980 

k  Bootis . 

5.8 

,  *5  01  27 

1 .98 

48  36  54.2 

14.08 

.00 

1248 

4981 

c  Bootis . 

5.0 

!  02  02 

2.63 

25  20  14.8 

14.06 

—  .16 

1  1249 

4989 

Ursx  Minoris 

5.7 

02  08 

0 . 89 

66  23  09.3 

14.05 

.00 

1250 

4992 

Draconis . 

! 

5.2 

02  St 

1.70 

55  01  07.4 

14.01 

.  .00 

•Suspected  variable,  D.  M.  4.4,  $  5.8. 
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No.  B 

.  A.C. 

Constellation. 

Mag.  1 

A.  R.  1880. 

Annual 

Variation. 

Declination 

1880. 

Annual 

Precession. 

Proper 

Motion. 

h.  m.  s. 

s. 

0 

/f 

n 

1251 

•  • 

Bootis 

5.7  ' 

15  06  37 

+ 

2.73 

19 

25 

42.7 

-  13-76 

1252 

5026 

Bootis 

6.0 

og  01 

2.28 

38 

42 

54.7 

13-61 

.00 

1253 

5024 

3 

Serpentis . 

5.3 

09  13 

2.98 

5 

23 

08.4 

13.60 

- 

.03 

1254 

5031 

X 

Bootis  ... 

5-2 

09  28 

2.51 

29 

36 

37.0 

13.58 

+ 

.01 

1255 

5030  1 

4 

Serpentis . 

5-6 

09  42 

3.06 

0 

49 

03.2 

13.57 

+ 

.01 

1256 

5036 

Bootis 

3.6 

10  40 

2.42 

33 

45 

48.5 

13.51 

— 

.09 

1257 

5047 

5 

Serpentis . 

4.9 

13  II 

3.05 

2 

13 

13-3 

13.34 

— 

.52 

1258 

5058 

Ursa©  Minoris  . 

5*1 

13  15 

0.66 

67 

48 

10.3 

13.34 

- 

.39 

1259* 

.  . 

D.  M.  46“,  2052  . 

5.8 

14.2 

2.03 

46 

03 

13.27 

.  .  • 

1  1260 

5061 

0 

Corona©  Borealis 

5.7 

15  II 

2.48 

30 

03 

07.6 

13.21 

— 

.06 

1  1261 

.  . 

D.  M.  25®,  2902  . 

5.8 

15  15  56 

+ 

2.59 

2? 

23 

32.0 

—  13.16 

•  •  • 

1262 

5071 

Draconis  . 

5.6 

16  34 

1.76 

52 

23 

28.5 

13.12 

.00 

i  '*^3 

5072 

50 

Bootis 

5.3 

17  00 

2.40 

33 

21 

St. 8 

13.09 

+ 

.02 

1264 

5079 

f  1 

Ursa©  Minoris  . 

5.2 

17  12 

- 

0.06 

72 

15 

34.3 

13.08 

+ 

.03 

1265 

5076 

Bootis 

5.4 

18  II 

+ 

2.22 

40 

00 

38.5 

13.01 

.00 

1  1266 

5075 

7 

Corona©  Borealis 

5.0 

18  15 

2.48 

30 

43 

19.9 

13.01 

- 

.18 

1267 

5084 

Bootis 

4.3 

19  57 

2.26 

37 

47 

56.0 

12.89 

4- 

.09 

i  1268^ 

1 

D.  M.  45®,  2284  . 

5.7 

20. 1 

t 

2.02 

45 

42 

12.88 

1  1269 

5085 

Serpentis . 

4.8 

20  14 

2.78 

15 

51 

04.5 

12.88 

+ 

.08 

1270 

Draconis  . 

6.0 

20  23 

1. 10 

62 

28 

28.6 

12.86 

1271 

5091 

Draconis  . 

5.8 

15  20  38 

+ 

0.99 

63 

46 

16.2 

-  12.85 

.00 

1  1272 

5094 

y 

Ursa©  Minoris  . 

3.0 

20  56 

— 

0.12 

72 

15 

40.8 

12. 82 

+ 

.03 

1273 

Bootis 

5.8 

21  35 

+ 

2.36 

34 

45 

15.2 

12.78 

... 

1  *274 

5097 

'  t 

Draconis  . 

3.2 

22  16 

1.33 

59 

23 

13-6 

12.74 

+ 

.04 

1275 

( 

Corona©  Borealis 

5.8 

22.5  1 

2.58 

. 

31 

.... 

12.72 

1276 

5098 

Corona©  Borealis 

3.7 

22  53 

2.48 

29 

31 

12.8 

12.70 

-h 

.07 

1277 

♦ 

D.  M.  47'’,  2227  . 

5.4 

24.9 

1.93 

47 

38 

12.56 

1278 

5122 

V 

Bootis  (pr.)  . 

4.8 

26  37 

2.15 

41 

14 

35.8 

12.44 

+ 

.01 

1279 

5119 

Serpentis  . 

5.8 

26  47 

3.09 

—  0 

46 

41.2 

12.43 

— 

.09 

1280 

5130 

V 

Bootis  (sq.)  . 

4.9 

27  29 

1 

2.14 

1 

18 

27.7 

12.38 

.01 

1  1281 

5131 

Corona©  Borealis 

4.2 

15  28  05 

1 

+ 

2.41 

31 

45 

54.8 

“  12.34 

- 

.02 

1282 

t  5135 

6 

Serpentis  . 

3.8 

29  04 

2.86 

10 

56 

27.8 

12.27 

*  -1- 

.05 

1283 

5147 

Draconis  . 

5.7 

29  16 

0.86 

64 

36 

42.7 

12.25 

1  4- 

.01 

1284 

1  5143 

a 

Corona©  Borealis 

2. 1 

2g  36 

2.54 

27 

07 

10.8 

12.23 

— 

.07 

1285 

5146 

-3 

Serpentis  . 

5.8 

30  06 

2.72 

18 

03 

25.3 

12.20 

'  4- 

.04 

1236 

5155 

Corona©  Borealis 

6.0 

30  51 

2.20 

39 

24 

34.1 

12.15 

.00 

CO 

5153 

rs 

Serpentis  . 

5.8 

30  58  i 

i 

2.76 

16 

31 

01.8 

12.14 

‘  — 

.01 

1288 

.  . 

Draconis  . 

6.0 

32  06 

1.58 

54 

19 

11.6 

12.06 

1289 

■ 

D.  M.  52°,  1886  . 

5.8 

32.7 

1.68 

52 

28 

.... 

12.02 

1290 

•  • 

D.  M.  55®,  1766  . 

5.8 

32  52 

1.54 

55 

01 

39- 1 

12.01 

j  «*9< 

5168 

Bootis 

51 

15  33  31 

-h 

2.15 

40 

44 

42.7 

—  11.96 

1 

.07 

1292 

5177 

Herculis  . 

5.7 

34  26 

1.92 

47 

II 

37.3 

11.90 

.13 

1293 

.  . 

Draconis  . 

• 

5.8 

34  27 

1.54 

54 

54 

08.6 

II. 90 

1294 

5178 

c 

Corona©  Borealis 

4.4 

34  52 

2.26 

37 

01 

32.3 

11.87 

— 

.10 

1295 

519* 

Ursa©  Minoris  . 

5.0 

35  00 

- 

1.92 

77 

44 

53.8 

11.86 

-f- 

.01 

1296 

5181 

Draconis  . 

5.6 

35  04 

-h 

1.75 

50 

48 

56.7 

11.85 

.00 

1297 

5180 

T^- 

Serpentis . 

5.8 

35  28 

2.76 

16 

24 

46.6 

11.82 

4- 

.06 

1298 

'  5185 

X 

Serpentis . 

5.4 

36  09 

2.82 

13 

13 

59.9 

11.77 

.00 

^  1*99 

5187 

1 

Serpen‘is. 

4.5 

36  12 

2.67 

20 

03 

29.4 

11.77 

— 

.C2 

130O' 

5189 

Serpentis . 

5.8 

36  31 

2.70 

18 

50 

51.7 

11.75 

+ 

.09 

f  Double. 
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No. 

B.  A.  C. 

Constellation. 

Mag. 

A.  R. 1880. 

Annual 

Variation. 

Declination 

1880. 

Annual 

Precession. 

Proper  . 
Motion. 

h.  ni. 

s. 

s. 

n 

9t 

1301* 

.  • 

Ursa;  Minoris 

5-8 

*5  37 

4 

+ 

0. 14 

69 

40 

—  11.69 

1302 

5192 

y 

Coronae  Borealis 

3.8 

37 

42 

2.52 

26 

40 

36.7 

11.67 

.08 

1303 

5196 

a 

Serpentis  . 

2.8 

38 

21 

2.95 

6 

48 

15.0 

11.62 

.05 

1304 

5210 

Draconis  . 

5.1 

39 

35 

1.63 

52 

44 

23.3 

11.53 

.00 

1305 

5206 

A'2  Serpentis  . 

5.6 

39 

53 

3.*o 

—  1 

25 

36.8 

II. 51 

- 

.05 

1306 

5214 

X 

Serpentis  . 

4.7 

40 

37 

2.91 

7 

43 

49-5 

11.46 

- 

.04 

1307 

5216 

Serpentis  . 

3.6 

40 

39 

2.77 

15 

47 

55.2 

11.46 

- 

.01 

1308 

5223 

V 

Serpentis  . 

5.8 

4* 

43 

2.79 

14 

29 

06.8 

11.38 

- 

.  10 

1309 

5234 

K 

Serpentis  . 

4.0 

43 

20 

2.70 

18 

30 

GO 

11.26 

— 

.06 

1310 

5236 

R 

Coronae  Borealis 

var.  6-13. 

43 

38 

2.49 

28 

3* 

34.1 

11.24 

,00 

I3II 

5238 

CJ 

Serpentis  . 

5.5 

15  44 

14 

-h 

3.02 

2 

33 

49-4 

—  11.20 

— 

.07  , 

1312 

5244 

Coronae  Borealis 

4.6 

44 

34 

2.51 

26 

26 

12.0 

11.17 

— 

.06 

1313 

5248 

Draconis  . 

5.4 

44 

44 

1.44 

55 

44 

40.0 

II.  16 

.  .  . 

1314 

5245 

€ 

Serpentis . 

3.7 

44 

50 

2.99 

4 

50 

24.2 

II. 16 

.07  , 

1315 

5249 

Draconis  . 

5-5 

44 

50 

0.90 

62 

58 

14.8 

II. 16 

- 

.05 

1316 

.  • 

Draconis  . 

6.0 

45 

13 

I. *5 

59 

56 

14.0 

II. 13 

... 

1317 

5252 

p 

Serpentis  . 

* 

4.9 

46 

00 

2.63 

21 

20 

24.5 

11.07 

H- 

.03 

1318 

5259 

K 

Coronae  Borealis 

• 

4.8 

46 

42 

2.25 

36 

01 

39-0 

11.02 

— 

.33 

1319 

5285 

c 

Ursae  Minoris 

. 

4.5 

48 

23 

- 

2.25 

78 

09 

46.3 

10.89 

- 

.00 

1320 

5271 

X 

Herculis  . 

4.5 

48 

32 

-h 

2.07 

42 

47 

16.0 

10.88 

-f 

•  58 

1321 

5287 

2 

Herculis  . 

. 

5.2 

15  50 

38 

+ 

2.01 

43 

29 

*9-5 

-  *0.73 

4- 

.06 

1322 

5284 

>' 

Serpentis  . 

• 

3.6 

50 

55 

2.77 

16 

03 

16.0 

10.71 

—  1 

.27 

1323 

5295 

X 

Coronae  Borealis 

5.6 

51 

26 

2.18 

38 

*7 

40.2 

10.67 

+ 

.09  J 

1324 

5298 

4 

Herculis  . 

5.7 

51 

28 

2.02 

42 

54 

37.7 

10.66 

.00 

1325 

5293  1 

<> 

Serpentis  . 

.  i 

5.6 

5* 

43 

2.78 

*4 

45 

32.8 

10.65 

- 

.05  ' 

1326 

5302  j 

Coronx  Borealis 

4.1 

52 

37 

2.48 

27 

*3 

35.1 

10.58 

- 

.03 

1327 

5310  : 

Coronx  Borealis 

5.9 

54 

32  1 

1 

2.22 

36 

59 

06.2 

10.44 

4- 

.02 

'  1328 

53»3 

Draconis  . 

5.0 

1  54 

56 

r.4i 

55 

05 

20. 5 

10.41 

.00 

1329* 

53*6  ; 

Herculis  . 

5.8  ; 

1  55 

40 

1 .70 

50 

*3 

26.8 

*0.35 

.00 

1330 

53*5 

r 

Herculis  . 

5.2  1 

!  85 

5* 

2.69 

18 

09 

04.5 

*0.34 

-f- 

.*7 

133*  ' 

53*9  , 

p 

Coronx  Borealis 

5.5 

*  *5  56 

27  1 

+ 

2.29 

33 

40 

00. 1 

—  10.29 

— 

•75  I 

1332 

532*  ; 

L 

Coronx  Borealis 

4.7 

1 

38 

2.41 

30 

II 

14.7 

10.28 

- 

.07  ^ 

1333 

5322 

TT 

Serpentis  . 

4-5 

57 

08 

2.58 

23 

08 

20.8 

10.25 

-f- 

.08 

j  1334 

5341 

Draconis  . 

6.0 

59 

02 

1.52 

53 

15 

00.4 

10. 10 

.00 

1335 

5338  1 

V 

Herculis  . 

4.6 

59 

04 

1.86 

46 

22 

13.8 

10. 10 

- 

.07 

1336 

5348 

a 

Draconis  . 

1  1 

59 

38 

1 

I .  II 

58 

53 

09.5 

10.06 

4- 

.32 

1337 

5367  : 

K 

Herculis  . 

5.1  : 

16  02 

40 

2.70 

17 

22 

04.2 

9.82 

.00 

1338 

5385 

1 

r 

Coronx  Borealis 

4.8  : 

!  04 

35 

2.20 

36 

47 

48.5 

9.68 

4- 

.35 

1339 

5388 

Herculis  . 

1 

1 

04 

59 

1.87 

45 

*5 

00.4 

9.65 

+ 

.04 

1340 

5406 

Draconis  . 

5.6 

^  06 

00 

0. 14 

68 

07 

35-3 

9-57 

4- 

.07 

1341  j 

5399 

*0 

Herculis  . 

5.9 

16  06 

3* 

+ 

2.55 

23 

48 

21.5 

-  9-53 

— 

.02 

1342 

5405 

i  9 

Herculis  . 

5.8 

1 

*9 

2.97 

5 

*9 

45.3 

9.47 

- 

.03  1 

1343 

Ursx  Minoris  . 

5.8  : 

07 

3* 

- 

2.08 

77 

06 

45.8 

9-45 

. . . 

1344 

•  . 

1 

D.  M.  39°,  2961  . 

5.8 

07 

54 

+ 

2. 10 

39 

21 

54.1 

9.42 

... 

1345 

5426 

'  16 

Herculis  . 

6.0 

10 

10 

2.66 

*9 

06 

43.5 

9.25 

- 

.09 

1346 

5432 

a 

Coronx  Borealis 

5.4 

1  10 

1 

1 1 

2.24 

34 

09 

49.8 

9.25 

- 

.04 

1347 

5440  1 

V 

Coronx  Borealis 

5.5 

11 

56 

2.40 

29 

26 

53.3 

9. 10 

- 

.05 

1348 

5462 

19 

Ursx  Minoris 

5.6 

'  *4 

15 

- 

1.79 

76 

10 

43.2 

8.93 

.00  1 

1349 

5459 

Draconis  . 

5.6 

*  15 

*5 

1  + 

0.99 

60 

03 

46.5 

8.85 

.00 

1350 

5460 

1 

Herculis  . 

j  5.4 

1  15 

L 

49 

1 

2.0C 

39 

59 

48.2 

8.81 

.00 
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No.  1b.  A.  C. 

Conslellation. 

Mag.  j 

A.  R.  1880. 

Annual 

Variation. 

Declination 

1880. 

1 

Annual 
Precession. 1 

Proper 

Motion. 

t 

1 

h.  m.  s. 

S. 

1 

0  /  ,.  ! 

„  j 

n 

1351  5461 

Herculis  . 

6.0 

16  15  50 

+ 

1.67 

49  19  32.6  1 

-  8.81 

\ 

>35*  t  5456 

a  Serpentis . 

4.9 

16  00 

3.04 

I  18  44.5 

8.79  ; 

+  .07 

>353  5463 

7-  Herculis  . 

3.8 

16  08 

1.80 

46  35  590 

8.78 

+  .03 

>354  5466 

;  Herculis  . 

3.8 

16  38 

2.64 

19  26  10. 0 

8.74 

+  .06  ' 

>355  5473 

^  Coronas  Borealis 

4.9 

17  25 

2.34 

31  10  17.1 

8.68 

-f-  .12 

>356  1  5479 

V  Coron®  Borealis  (pr.) 

5-4 

17  51 

2.26 

34  04  55.5  1 

8.65  t 

—  .08 

>357  5480 

V  Coron®  Borealis  (sq.) 

5.8  ' 

>7  58 

2.27 

33  58  58.8 

8.65 

—  .02 

*358  5481 

21  Herculis  (o)  . 

5-8 

18  20 

2.92 

7  13  37.0 

8.60  1 

4*  .04 

1  >359  5490 

cj  Herculis  . 

4.9 

19  53 

2.76 

14  18  40.2 

8.48 

—  .02 

1360  1  5511 

Tj  Urs®  Minoris 

4.9 

21  02 

1.80 

76  01  51.6 

8.40 

+  .26 

1  1361  5496 

25  Herculis  . 

5.5 

16  21  08 

+ 

2.13 

37  40  05.8 

-  8.39 

.00 

,  1362  '  5502 

Draconis  . 

5.4 

21  48 

1.30 

55  28  41.6 

8.33 

.00 

1  >363  1  55>4 

Draconis  . 

5*4 

22  06 

0.  16 

69  23  12.3 

8.3> 

.00 

>364  '  551* 

17  Draconis  . 

2.8 

22  22 

0.82 

61  47  10. I 

8.29* 

+  .07 

>365*  .  • 

Ophiuchi  .  .  . 

5.8 

22.5 

3-05 

0  55  .... 

8.27 

>366  5523 

g  Herculis  . 

var.  4. 7-6.1 

24  42 

1.97 

42  08  50.5 

8.10 

+  09  1 

1367  5520 

A  Ophiuchi  . 

3.9 

24  52 

3.02 

2  14  53*2 

8.09 

1 

-  .05  1 

1368  5525 

(3  Herculis  . 

3.0 

25  04 

2.58 

21  45  09.5 

8.07 

+  .01 

1369  5527 

s  Herculis  . 

5.8 

25  21 

2.61 

20  44  35.2 

8.05 

.00  1 

1370  5531 

n  Herculis  . 

5-6 

26  42 

2.95 

5  46  40.0 

7.94 

-  .04  i 

1371  5535 

34  Herculis  . 

5.7 

16  26  48 

+ 

1.64 

49  13  21.3 

~  7.93 

-  .07 

1372  5532 

h  Herculis  . 

5.1 

27  00 

2.81 

II  44  49.2 

7.92 

-  .05 

>373  5545 

A  Draconis  . 

5.0 

28  13 

- 

0. 14 

69  01  39.3 

7.82 

H-  .03 

>374*  •  • 

Herculis  . 

5.7 

28.3 

1.80 

45  53  •••• 

7.81 

>375  1  5547 

12  Ophiuchi . 

5.5 

30  03 

3-09 

—  2  04  00.8 

7.67  i 

-  .32 

>376  555* 

a  Herculis  . 

4.2 

30  15  ! 

1-93 

42  41  07.5 

7.65  ! 

+  .04 

>377  5560 

Draconis  . 

5.8 

1  30  45 

0.85 

61  04  30.9  1 

7.62  i 

4“  .04 

>378  5563 

D,  M.  13°3I77  . 

5.8 

1  32  16 

2.76 

13  55  50.1 

7.49 

-  -13 

>379  559* 

Urs®  Minoris  . 

5.6 

1  32  27  1 

i  1 

— 

3.42 

791303-7 

7.47 

.00 

>380  5568 

Herculis  . 

5-7 

32  41 

-4- 

1.75 

46  51  26.0 

7.45 

... 

>381  5574 

16  Draconis  . 

5.2 

16  33  21 

+ 

1.41 

53  08  30.3 

-  7.40 

4-  .C2  1 

>38*  5575 

17  Draconis. 

4.9. 

33  24 

1. 41 

53  09  56.8 

7.40 

1  .00  j 

>383  5587 

Herculis  . 

6.0 

'  35 

2.79 

12  37  43.6 

7.24 

.  —  .06  1 

>384  5596 

42  Herculis  . 

4.6 

35  30 

1.63 

[  49  09  48.2 

7.22 

1  —  .01 

1385  5599 

Draconis  . 

5.3 

1  35  35 

1.21 

56  14  59-9 

7.22 

1  1 

>386  '  5597 

Herculis  . 

5.8 

36  02 

2.49 

25  05  27.4 

1 

7.19 

1  .00  ' 

1387  5602 

39  Herculis  . 

5.9 

1  36  45 

2.43 

27  08  56.1 

7.12 

—  .02 

>388  1  5<^ 

C  Herculis  . 

3.0 

1  36  46 

2.26 

31  49  J^-4 

7.12 

4-  .45 

1389  !  56>7 

17  Herculis  . 

3.5 

38  47 

2.05 

39  09  05.7 

6.96 

-  .07 

1390  5619 

Herculis  . 

5.6 

39  26 

2.22 

34  15  35.2 

1  6.91 

1  -  -O' 

1391  5621 

i  Herculis  . 

5-5 

1  i6  40  04 

+ 

2.88 

8  48  10.2 

-  6.85 

4-  .04 

1392  5628 

g  Draconis  . 

1 

5.2 

40  05 

0..^0 

64  48  59.8 

6.85 

—  .02 

>393*  •  • 

Herculis  . 

6.0 

!  41.4 

1.88 

43  26  ... . 

6.75 

>394  5634 

1  Herculis  . 

5.4 

41  52 

2.95 

5  27  59.6 

6.70 

—  .06 

1395  ■  • 

D.  M.  13°,  3225  . 

5.7 

42  37 

2.76 

1  13  48  13-4 

6.64 

1 

1396  5643 

Herculis  . 

4.9 

43  01 

1.13 

56  59  46.6 

6.61 

.00 

>397  5647 

Herculis  . 

5.6 

i  44  02 

2.77 

13  28  20.6 

6.53 

.00 

1398  5648 

k  Herculis  . 

5.7 

44  30 

2.91 

7  27  23.2 

6.49 

4-  .02 

>399  5659 

21  Ophiuchi  . 

5.8 

1  45  20 

3-04 

I  25  19.2 

6.42 

+  .01  ; 

1400  5667 

1 

52  Herculis  . 

1 

4.9 

1  45  43 

1.75 

46  II  34.9 

1  6-39 

—  .07  j 

S.  Ex.  37 - 15 
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CATALOGUE  OF  STARS  FOR  OBSERVATIONS  OF  LATITUDE. 


No. 

B.A.C. 

Constellation. 

Mag. 

A.  R.  1880. 

Annual 

Variation. 

Declination 

1880. 

Annual 

Precession. 

Proper 

Motion. 

’ 

h.  m.  s. 

s. 

0 

9 

if 

„ 

1401 

S')?? 

51  Herculis  . 

5.2 

16  46  47 

-h 

2.48 

24 

51 

32.5 

—  6.30 

4- 

.01 

1402 

5692 

L  Ophiuchi  . 

4.4 

48  20 

2.84 

10 

21 

50.6 

6. 17 

— 

.04 

1403 

5705 

Ursae  Minoris 

6.0 

48  27 

- 

2.76 

77 

43 

08.8 

6.15 

.00 

1404* 

.  . 

Herculis  . 

• 

5.6 

49-7 

-h 

2.58 

21 

II 

.... 

6.05 

. . . 

1405 

5702 

54  Herculis  . 

5.0 

50  06 

2.63 

18 

37 

O' 

6.02 

4- 

•05 

1406 

5708 

K  Ophiuchi  . 

3.2 

51  59 

2.83 

9 

33 

47.0 

5.86 

4- 

.02 

1407 

5740 

h  Draconis  . 

5.0 

55  22 

0.31 

65 

19 

04.5 

5.58 

+ 

.01 

1408 

5731 

f  Herculis  . 

3.9 

55  42 

2.29 

31 

06 

15-5 

5.55 

4- 

.04 

1409* 

Herculis  . 

5.7 

55.9 

2-53 

22 

49 

5.54 

« •  • 

1410 

5752 

Draconis  . 

6.0 

57  10 

I.IO 

56 

51 

57.1 

5-43 

+ 

.37 

1411 

5747 

d  Herculis  . 

5.0 

16  5?  II 

2.21 

33 

44 

35.8 

-  5.43 

4- 

.03 

1412 

.  . 

Herculis  . 

5-8 

57  23 

2.45 

25 

40 

32.2 

5.41 

1413 

5749 

Herculis  . 

4.9 

5?  38 

2.75 

14 

15 

57-6 

5.39 

- 

.05 

1414 

5?8o 

s  Ursx  Minoris 

4.3 

58 19 

- 

6.3? 

82 

13 

56.2 

5.33 

4- 

.00 

1415 

5?69 

Ursae  Minoris 

6.0 

58  40 

- 

1.23 

73 

18 

31.7 

5.30 

.00 

1416 

5?6o 

Ophiuchi  . 

5.7 

59  21 

3.09 

—  0 

43 

40.0 

5.25 

- 

.14 

1417* 

Herculis  . 

5.8 

59-3 

2.61 

19 

46 

.... 

5.25 

1418 

S?65 

60  Herculis  . 

4-7 

59  49 

2.78 

12 

54 

26.0 

5.21 

4- 

.02 

1419* 

.  . 

Herculis  . 

5.8 

17  01.2 

2.54 

22 

15 

5.0; 

1420 

S??^ 

Herculis  . 

6.0 

01  38 

1.58 

48 

58 

07.5 

5.06 

— 

.19 

1421 

5?85 

Draconis  . 

4.8 

17  02  51 

+ 

1.25 

54 

37 

42.1 

-  4.95 

4- 

•03 

1422 

5788 

c  Herculis  . 

5.3 

03  47 

2.12 

3^> 

05 

30.6 

4.88 

— 

.02 

1423 

5811 

Ursae  Minoris 

5.7 

05  27 

- 

1.94 

75 

27 

46.5 

4.72 

.00 

1424* 

Herculis  . 

4.9 

05.7 

+ 

1.95 

40 

56 

4.71 

1425  1 

5802 

37  Ophiuchi  . 

5.5 

06  48 

2.83 

10 

43 

55.8 

4.^‘3 

- 

.01 

1426* 

1 

Draconis  . 

5.8 

07.9 

1-37 

52 

33 

4.52 

1427  i 

5823 

^  Draconis  . 

3.1 

oS  27 

0.17 

^5 

51 

451 

4-47 

1 

•07 

1428  ' 

5821 

a  Herculis  . 

var.  3.3-3.9 

09  II 

2.73 

’  14 

31 

41.8 

i 

-h 

.04 

1429 

5828 

6  Herculis  . 

3-1 

10  06 

2.46 

24 

58 

54.0 

1  4.33 

- 

•  15 

1430* 

Ophiuchi  . 

5.6 

10.5 

3-04 

I 

21 

4.30 

1 

... 

1431 

5830 

41  Ophiuchi  . 

4.6 

17  10  27 

-h 

3.08 

—  0 

18 

30-4 

-  4.30 

- 

.06 

1432 

5834 

TT  Herculis  . 

3.3 

10  52 

2.09 

56 

43-8 

4.26 

4- 

.04 

1433 

5840 

Draconis  . 

5.5 

11  31 

0.51 

1 

00 

39-8 

4.21 

— 

•03 

1434* 

.  . 

Herculis  . 

5.8 

12.8 

2.66 

17 

27 

.... 

4.10 

1435 

5842 

u  Herculis  . 

4.9 

12  54 

2.21 

33 

13 

50.3 

1  4.09 

4- 

.02 

1  1436 

384) 

Ophiuchi  . 

* 

4.9 

12  59 

2.82 

1  to 

1 

59 

44.6 

1  4-o8 

! 

.09 

M37 

584? 

e  Herculis  . 

4-7 

13  32 

2.07 

f 

37 

25 

05.1 

4.04 

4- 

.08 

1438* 

Herculis  . 

5.5 

14. 1 

2.35 

1 

57 

.... 

3.99 

... 

1439 

.  . 

1  Herculis  . 

5.8 

14  22 

2.01 

1  '' 

56 

04.0 

3.97 

... 

1440 

5856 

Herculis  . 

5.4 

15  02 

2.64 

18 

10 

53.1 

3  91 

— 

.05 

1441* 

.  . 

Herculis  . 

5.8 

17  15.3 

-f- 

2.44 

25 

39 

-  3-89 

... 

1442 

5860 

70  Herculis  . 

5.5 

15  58 

2.47  , 

1  24 

37 

II .  I 

3.83 

.00 

1443 

5863 

w  Herculis  . 

5.3 

16  10 

1 

2.24 

,  32 

37 

25.6 

382 

!  — ; 

r  .00 

1444 

58?! 

71  Herculis  . 

. 

5.3 

16  58 

1.69 

46 

21 

32.4 

3.74 

1  4- 

.02 

1445 

58?4 

Herculis  . 

5.5 

17  47 

1.97  1 

40 

05 

37-4 

367 

.00 

1  1446 

5883 

73  Herculis  . 

5.6 

19  06 

2.52 

23 

04 

22.5 

3-56 

— 

.03 

1447* 

Ophiuchi  . 

5.4 

19. 1 

2.69 

16 

25 

.... 

3.56 

... 

:  1448* 

Draconis  . 

5.8 

19.2 

1.29 

53 

32 

3-55 

1449 

5886 

p  Herculis  . 

4.T 

19  32 

2.07 

37 

15 

28.7  1 

3.52 

4- 

.02 

1450  1 

5893 

a  Ophiuchi  . 

4.2 

20  34 

2.98 

4 

14 

45.9 

3.43 

4- 

.02 
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CATALOGUE  OF  STARS  FOR  OBSERVATIONS  OF  LATITUDE. 


No.  B 

■  A.C.' 

Constellation. 

Mag. 

A.  R.  1880. 

Annual 

Variation. 

Declination 

1880. 

Annual 

Precession. 

Proper 

Motion. 

h.  m.  s. 

s. 

0 

t 

11 

t9 

n 

1451 

5900 

Herculis  . 

5.6  1 

17  21  38 

4- 

2.59 

20 

10 

59-3 

-  3.34 

- 

.13 

1452 

5903 

Ophiuchi . 

5.3 

22  43 

3.06 

0 

25 

41.4 

3-25 

.12 

1  1453 

5911 

X 

Herculis  . 

5-7 

23  33 

1.59 

48 

21 

41.0 

3-17 

.03 

;  *454 

5917 

Draconis  . 

5.2 

24  08 

0.77 

60 

08 

58.0 

3.13 

I455*’i 

5910 

Ophiuchi  . 

5.3 

24.2 

309 

—  0 

57 

.... 

3.12 

1456 

5915 

Draconis  . 

6.0 

24  17 

0.89 

58 

45 

10.2 

3-II 

H- 

.04 

'  1457 

5919 

Ophiuchi  . 

5-6 

25  20 

3.00 

2 

48 

58.0 

3.02 

- 

.06 

145s 

5922 

X 

Herculis  . 

4.6 

25  53 

2.42 

26 

12 

09.6 

2.97 

.07 

1  ^459 

5927 

Herculis  . 

5*7 

26  23 

2.28 

31 

14 

55.3 

2.93 

+ 

.03 

1460  1 

5931 

78 

Herculis  . 

5.6 

27  07 

2.36 

28 

29 

44.4 

2.87 

+ 

.06 

1461  1 

5937 

Draconis  . 

2.9 

17  27  43 

+ 

1-35 

52 

23 

26.9 

—  2.82 

.00 

1462* 

•  • 

Herculis  . 

5*3 

28. 1 

2.61 

19 

21 

2.78 

.  .  . 

1463* 

.  . 

Ophiuchi  . 

5.1 

28.3 

2.68 

16 

26 

.... 

2.77 

1464 

5944 

Herculis  . 

5-6 

29 19 

1. 91 

41 

*9 

46.3 

2.68 

.00 

1465 

5941 

a 

Ophiuchi  . 

2.0 

29  22 

2.78 

12 

38 

56.1 

2.68 

- 

.20 

1466 

5950 

V 

Draconis  (pr.) 

5.0 

29  49 

1. 18 

55 

15 

59.1 

2.64 

4- 

.03 

1467 

5951 

V 

Draconis  (sq.) 

5.0 

29  54 

1. 18 

55 

15 

17. 1 

2.63 

+ 

.01 

1468^ 

■■ 

Herculis  . 

5.8 

30.9 

2.56 

21 

05 

2.54 

1469 

'  5962 

Herculis  . 

5.8 

32  03 

2. 28 

30 

51 

37.9 

2.44 

4- 

.01 

1470 

1  5972 

1 

f 

Draconis  . 

5.4 

32  27 

- 

0.25 

68 

12 

39-7 

2.40 

4- 

.11 

1471 

507 

79 

Herculis  .  , 

5.3 

17  32  35 

2.47 

.  24 

22 

57.1 

-  2.38 

4- 

.01 

1472 

5975 

y 

Herculis  . 

5-3 

33  29 

1.56 

48 

39 

21.2 

2.31 

4- 

.03 

1473 

5978 

26 

Draconis  . 

5.6 

33  45 

0.61 

61 

58 

03.4 

2.29 

- 

.36 

1474 

1  .  . 

Ophiuchi  . 

6.0  1 

35.7 

2.71 

15 

14 

30.4 

^  2.12 

... 

1475 

'  5990 

1 

Herculis  . 

3-8 

3h  05 

1.70 

46 

04 

15. 1 

2.09 

4- 

.01 

1476 

599* 

1 

Ophiuchi  . 

5.4 

36  36 

2.69 

16 

00 

31-5 

2.04 

-f 

.07 

1477 

5999 

33 

Heiculis  . 

6.0 

37  33 

2.46 

24 

37 

34-3 

1.96 

4- 

.05 

1478 

1  5996 

1  ^ 

Ophiuchi  . 

3.1 

37  33 

2.96 

4 

37 

08.0 

1.96 

4- 

.17 

1479 

6006 

!  ^ 

Draconis  . 

4.8 

37  39 

- 

0.36 

68 

48 

46.2 

1.95 

4- 

.29 

1480 

» 

1 

D,  M.  14'",  3321 

5.8 

37.9 

+ 

2.73 

14 

2T 

....  1 

1.93 

1481 

» 

Draconis  . 

'  5.8 

17  38.6 

4- 

1.38  ’ 

!  5* 

53 

.... 

-  1.87 

1482 

1  *  ‘ 

Ophiuchi  . 

5.8 

38.8 

2.73  1 

i  *4 

28 

.... 

1.85 

*483 

‘ 

D.  M.  72®,  800 

5.8 

39-4 

— 

1. 16  1 

1 

1 

31 

.... 

1.80 

J484 

Draconis  . 

5-5 

41.6 

4- 

1.25 

53 

50 

1. 61 

1485 

1  6021 

Herculis  . 

3.6 

41  46 

2.34 

27 

47 

31.4 

1.59 

- 

.74 

I486*  .  . 

Herculis  . 

1  5.4 

41.8 

2.65 

17 

47 

.... 

1.59 

1487 

»i 

Herculis  . 

6.2 

41.9 

2.00 

38 

56 

.... 

1.58 

1488  (  6020 

y 

Ophiuchi  . 

3.7 

41  52 

3.00 

2 

45 

13.7 

1.58 

- 

.07 

1489 

»  .  . 

Herculis  . 

6.1 

42.0 

1.98 

39 

22 

1.57 

...  ! 

1490 

w 

Herculis  . 

5.6 

43.3 

2.57 

20 

36 

.... 

1.46 

...  1 

1491 

6030 

Herculis  . 

6.0 

17  43  36 

4- 

2.60 

19 

17 

40.3 

-  .I-43 

- 

.01 

1492 

6033 

87  Herculis  . 

5.4 

43  57 

2.43 

25 

39 

54.9 

1 .40 

4- 

.21 

1493 

6047 

V' 

Draconis  (pr.) 

4.5 

44  04 

- 

1.08 

72 

12 

26. 1 

1.40 

— 

.26 

1  •  • 

Herculis  . 

6.0 

45.7 

4- 

2.32 

29 

22 

.... 

1.25 

1495 

1  6052 

30 

Draconis  . 

4.9 

46  12 

1.43 

50 

48 

36.0 

1.21 

4- 

.19 

1496^ 

.  . 

Ophiuchi  . 

5.8 

46.5 

3.04 

I 

21 

1. 18 

... 

1497* 

.  . 

Ophiuchi  . 

1  6.0 

47.4 

2.93 

6 

07 

.... 

1. 10 

1408 

6068 

f 

Herculis  . 

5.0 

49  24 

1.95 

40 

or 

51.7 

0-93 

4- 

.04 

»499 

6069 

Ophiuchi  . 

5.7 

50  12 

3.06 

0 

41 

23.7 

0.86 

— 

•  03 

1500 

6073 

89  Herculis  . 

1  5.6 

-50  35 

2.42 

26 

04 

13-3 

0.82 

1 

4“ 

.02 

X 
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No. 

1 

B.A.C. 

Constellation. 

Mag. 

A.  R.  1880. 

Annual 

Variation. 

Declination 

1880. 

Annual 

Precession. 

Proper  | 
Motion. 

1501* 

Herculis . 

5.3 

h.  m.  s. 

17  50.8 

s. 

-h  2.52 

Of  n 

22  28  .... 

ft 

—  0.81 

II 

1502 

6079 

^  Draconis . 

3.8 

51  27 

1 .04 

56  53  30.6 

0.74 

4“  .06 

1503 

6082 

Herculis . 

3-8 

52  08 

2.06 

37  «6  03.7 

0.69 

4-  .05 

1504 

6084 

f  Herculis . 

4.0 

53  06 

2.33 

29  15  41.7 

0.60 

-  .02 

1505 

6091 

)  Draconis . 

2.3 

53  49 

1.39 

51  30  12.4 

0.54 

-  .04 

1506 

6087 

V  Herculis . 

4.6 

53  55 

2.30 

30  12  00.4 

0.53 

.00 

1507 

6089 

66  Ophiuchi . 

5.r 

54  19 

2.97 

4  22  38.9 

0.  50 

4-  .01 

1508* 

Herculis  ..... 

5-8 

54.5 

2.09 

36  17  .... 

0.48 

1509 

6092 

67  Ophiuchi . 

4.0 

54  38 

3.00 

2  56  18.9 

0.47 

-  .03 

1510 

6094 

93  Herculis . 

5.0 

54  43 

2.67 

Ib  45  33.0 

0.46 

4-  .03 

I5II 

6114 

35  Draconis  .... 

5.1 

17  54  49 

—  2.69 

76  58  38.7 

-  0.45 

4-  .24 

1512 

6101 

68  Ophiuchi . 

4.5 

55  40 

+  3.04 

I  18  35.2 

0.38 

4-  .02 

1513* 

Herculis . 

5.4 

56.2 

2.20 

33  13  .... 

0.33 

. . . 

1514 

6106 

95  Herculis . 

4.5 

56  25 

2.54 

21  35  52.5 

0.32 

4"  *06 

1515 

6109 

Herculis . 

5.5 

56  31 

1.72 

45  30  27.2 

0.31 

—  .06 

1516* 

.  . 

p 

0 

1 

5.8 

57.2 

2.19 

33  30  .... 

0.25 

. . . 

»5*7 

6110 

96  Herculis . 

5.0 

57  15 

2.56 

20  50  04.3 

0.24 

4-  .01 

1518 

6122 

34  Draconis . 

5.8 

57 16 

-  1.05 

72  00  54.4 

0.24 

-  .28 

1519 

6123 

70  Ophiuchi . 

4.2 

59  23 

-f-  3.03 

2  3«  45-7 

—  0.05 

—  1.09 

1520 

6134 

98  Herculis . 

5.3 

18  00  59 

2.53 

22  12  32.8 

-H  0.09 

4-  .04 

1521* 

Herculis . 

5.8 

18  01.4 

+  2.23 

32  14  .... 

-h  0.12 

... 

1522 

6142 

71  Ophiuchi . 

4.9 

01  34 

2.87 

8  43  10.9 

0. 14 

4-  .04 

1523 

6143 

72  Ophiuchi . 

3.7 

01  40 

2.84 

9  32  52.5 

0.15- 

4“  .06 

1524 

6147 

b  Herculis . 

4.9 

02  28 

2.28 

30  32  44.5 

0.21 

4-  .08 

1525 

1  6130 

0  Herculis . 

3.8 

02  52 

1  2.34 

28  44  50.9 

0.25 

4-  .02 

1526 

1  6151 

TOO  Herculis . 

5.5 

02  59 

2.42 

26  04  52.0 

0.26 

4-  .07 

1527  1 

6157 

102  Herculis . 

4.3 

03  38 

2.56 

20  47  49.* 

0.32 

—  .01 

1528 

6159 

loi  Herculis . 

5.1 

03  42 

2. 58 

20  01  38.9 

0.32 

-  .04 

1529* 

.  . 

Herculis . 

5.7 

03-9 

•  2 .  og 

3b  23 _ 

0.34 

. . . 

1530 

6162 

1  1 

Herculis  .  .  .  . 

4.8 

03  52 

1.80 

43  26  53.0 

0.34 

.00 

1531* 

D.  M.  3®,  3620  . 

5.8 

18  04.7 

1  +  3.00 

i  3  18  .... 

+  0.41 

.  .  • 

1532*  .  . 

Herculis . 

6.0 

04.8  : 

1  2.68 

ib  27  . . . . 

0.42 

•  .  • 

1533* 

Herculis . 

5.8 

5.8 

2.08 

3b  26  ... . 

0.51 

.  .  ■ 

1534 

6178 

104  Herculis  (A)  . 

5-0 

07  23 

2.  26 

31  22  36.6 

0.65 

4-  .09 

1535 

6185 

Draconis . 

5.8 

08  03 

i  1. 21 

54  15  03.2 

0.70 

+  .25 

1536 

Lyr® . 

5.9 

08  54 

1.90 

41  07  03.5 

0.77 

. . . 

1537 

6193 

Lyr® . 

5.8 

09  05 

1  2.00 

38  44  26. 8 

0.80 

4-0.79 

1538 

6281 

6  Urs®  Minoris  . 

4.4 

II  03 

-»9-43 

86  36  32. S 

0.97 

4-  .04 

1539 

6203 

Lyr® . 

5*5 

II  55 

+  1.86 

42  07  0S.7 

1.04 

.00 

1540 

6224 

36  Draconis . 

5.0 

13  12 

0.34 

64  21  23.2 

1. 16 

4-  .01 

1541 

6218 

Lyr® . 

5.9 

18  13  19 

+  1.92 

40  53  22.7 

4-  1. 16 

.00 

154* 

6213 

Ophiuchi . 

5.7 

13  22 

2.90 

7  12  43.0 

1. 17 

\ 

.00 

1543 

6223 

105  Herculis . 

i  5.5 

14  14 

2-47 

24  23  50.0 

1.24 

.00 

1544 

6227 

1  74  Ophiuchi . 

! 

14  53 

I  3-00 

I  3  19  28. 0 

1.30 

4-  .01 

1545 

6231 

106  Herculis . 

5.4 

15  13 

'  2.54  * 

'  21  54  42.4 

1.33 

—  .01 

1546 

6320 

24  Urs®  Minoris  . 

!  5.8 

15  15 

1  —22.25 

86  59  17.8 

1.33 

4-  .01 

1547 

6235 

AC  Lyr® . 

i  4.6 

15  40 

4-  2.10 

36  00  40.5 

1.37 

4-  .03 

1548 

6243 

37  Draconis . 

6.  i 

15  59 

-  0-35 

68  42  43.5 

1.40 

—  .06 

1549 

6237 

108  Herculis . 

5.4 

16  20 

+  2.30 

29  48  10. I 

1.43 

4-  .04 

1550 

6238 

t  Herculis . 

4.7 

16  20 

2.34 

28  48  50.6 

1.43 

4-  .06 

1 
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No. 

A.C. 

Constellation. 

Mag. 

A.  R. 1880. 

Annual 

Variation. 

Declination 

iPSo. 

Annual 

Precession. 

Proper 

Motion. 

h.  m.  s. 

s. 

0 

, 

,, 

,, 

1551* 

•  - 

Ophiuchi 

5.8 

18  17  . . 

2.79 

II 

59 

+ 

*■49 

1552 

^*45 

Herculis  . 

5.4 

17  3* 

2.64 

*7 

46 

01.8 

1.53 

1553 

6255 

Draconis  . 

4.8 

18  28 

1.53 

49 

03 

40.3 

1.62 

.00 

1554  1 

6251 

109 

Herculis  . 

4.2 

•  8  35 

2.56 

21 

42 

59-7 

1.63 

— 

.24 

,  1555* 

.  . 

Ophiuchi  . 

5.7 

19.9 

2.8g 

7 

58 

*•74 

'  1556 

6268 

Lyjrae  .... 

4.9 

20  17 

*.97 

39 

26 

34.0 

1.78 

.00 

!  ^557 

6269 

d 

Sorpentis 

5.6 

21  04 

3.07 

0 

07 

34.5 

1.84 

.00 

i  1 

6289 

b 

Draconis . 

4.9 

22  09 

0.87 

58 

43 

53.8 

*•93 

+ 

.04 

>S59 

6297 

Draconis  . 

4.3 

22  29 

- 

0.S5 

7* 

16 

24.7 

1 .96 

4- 

.01 

6302  I 

X 

Draconis  . 

3-7 

23  *3 

- 

1.07 

72 

40 

48 . 7 

2.02 

- 

•  38 

1561 

6300  j 

Herculis  . 

5.8 

18  24  37 

2.50 

23 

47 

15-6 

-h 

2.15 

.00 

1562 

6316 

42 

Draconis  . 

■ 

5* 

25  38 

0.17 

65 

29 

19.8 

2.24 

- 

.06 

1 

1563* 

•  • 

Herculis  . 

. 

5.4 

25.7 

2.67 

16 

51 

2.24 

. . . 

1564 

6322 

Herculis  . 

5.8 

27  47 

2.50 

23 

31 

42.5 

2.43 

.00 

1 

1565* 

Lyrae  .... 

5.4 

28. 3 

2.29 

30 

28 

.... 

2.47 

1566 

6348 

d 

Draconis  . 

4.9 

30  30 

1.04 

56 

57 

14.9 

2.66 

- 

.02 

1567 

634^ 

Herculis  . 

5-8 

30  31 

2.50 

23 

30 

32.4 

2.66 

•05 

1568*1  .  . 

Ophiuchi 

5.* 

30.7 

2.86 

9 

02 

2.68 

1569* 

.  . 

Ophiuchi  . 

5.5 

30.8 

2.92 

6 

34 

2.69 

. . . 

1570 

6350 

Draconis  . 

5.3 

3*  *3 

1.36 

52 

*5 

31-5 

2.72 

.00 

1571* 

.  . 

c 

Serpentis . 

5.6 

18  31.4 

4- 

3.08 

—  0 

25 

2.74 

. . . 

157a*;  .  . 

Lyrae  .... 

5.7 

32.2 

2.20 

33 

22 

.... 

2.81 

1573 

6355 

a 

Lyrae  .... 

0.  I 

32  53 

2.03 

38 

40 

22.3 

2.87 

4- 

.28 

*574 

1  *  ’ 

Lyrae  .... 

6.0 

33  05 

•  .83 

43 

07 

15.2 

2.87 

*575 

.  . 

Draconis  . 

1  5.8 

'  35  5* 

0. 19 

65 

22 

50.5 

3. *2 

. . . 

1576 

.  . 

Draconis  . 

5.6 

36  29 

0.54 

62 

25 

01 .0 

3.18 

. . . 

*577 

6372 

Draconis  . 

!  5.6 

37  08 

1.39 

52 

05 

01.6 

3-23 

+ 

.03 

1578 

6379 

4 

Aquilae  . 

'  5.0 

38  47 

3.03 

I 

56 

22.5 

3.38 

4- 

.02 

1579*  •  • 

Lyrae  .... 

‘  5.6 

39-4 

2.25 

3* 

49 

3.43 

1580 

6395 

c 

Draconis  . 

5.* 

40  18 

1 . 16 

55 

25 

05.0 

3-5* 

.00 

158* 

!  6390 

e 

Lyrae  (bor.)  . 

4.6 

18  40  22 

+ 

*•99 

39 

32 

43.7 

4- 

3-5* 

+ 

.07 

1582 

6391 

e 

Lyrae  (aus.)  . 

4.6 

40  22 

*•99 

39 

29 

17.8 

3-5* 

.08 

•583 

6387 

1 10  Herculis  . 

4.2 

'  40  30 

2.59 

20 

25 

56.9 

3*52 

•35 

1584 

j  6392 

c 

Lync  (pr.).  .  . 

4.5 

40  38 

1 

2.06 

37 

28 

50.2 

3-53 

I  4- 

.02 

•585 

1  6394 

c 

Lyrx  (sq.). 

5.5 

40  40 

j 

2.06 

37 

28 

II  .6 

3-54 

4- 

.02 

1586 

1  •  • 

D.  M.  53%  2126  . 

5.8 

40  56 

1.28 

53 

44 

59-2 

3-56 

1587^ 

Lyr®  .... 

4.8 

41.2 

2.42 

26 

32 

.... 

3.58 

1588 

6397 

I II  Herculis  . 

4.* 

4*  43 

1 

2.65 

18 

02 

56.9 

3.63 

- 

.  12 

1589 

6404 

Lyr®  .... 

5.9 

42  23 

1 .92 

4* 

18 

48.6 

3.69 

1 

i 

.00 

•590* 

Draconis  . 

6.0 

j  42.5 

1 .21 

54 

46 

3-70 

*59* 

6410 

Draconis  . 

6.0 

18  42  52 

+ 

0.71 

60 

55 

15.2 

4- 

1 

3.73 

'  - 

•03 

•59** 

.  . 

Lyr®  .... 

5.8 

43.5 

2.26 

3* 

38 

.... 

3.78 

1 

•593* 

.  . 

D.  M.  24°,  3545  . 

5.8 

44.3 

2.46 

24 

54 

3.85 

•594 

6428 

Draconis  .  . 

5.9 

45  06 

1.53 

48 

37 

49.4 

3.92 

.00 

1 

*595 

6427 

V 

Lyr®  .... 

5.4 

45  24 

2.24 

32 

24 

49-3 

3.95 

i  4- 

.01 

•596 

6429 

0 

Lyr®  .... 

var.3.6-4.4 

45  39 

2.21 

33 

*3 

27.4 

3-96 

— 

.01 

*597*i 

.  . 

Aquil® 

5.7 

46.5 

2.75 

*3 

50 

4.04 

•598 1 

6438 

1112  Herculis  . 

5.2 

47  09 

2.56 

21 

16 

55-5 

4.10 

'  + 

.07 

*599 

6469 

Draconis  . 

5-5 

48  45 

'  - 

1.46 

73 

56 

46.0 

423 

!  4- 

•  *3 

1600 

645a 

Draconis  . 

5.6 

1  48  54 

1  + 

1 

*.35 

52 

49 

II. 8 

425 

.00 
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No. 

B.  A.C. 

Constellation. 

1 

Mag. 

A.  R  18S0. 

Annual 

Variation. 

Declination 

1880. 

Annual 

Precession. 

Proper 

Motion. 

h.  m.  s. 

s 

e  >  ti 

It 

fi 

i6oi 

6463 

0  Draconis . 

4.5 

18  49  26 

+  0.89 

59  14  30-6 

+  4-29 

-h  .01 

1602 

6451 

62  Serpenlis . 

5.7 

49  36 

2.93 

6  27  5g.8 

4.31 

—  .06 

1603 

6453 

1 13  Herculis . 

4.6 

49  41 

2.54 

22  29  38.6 

4.31 

4-  .01 

1604 

6478 

50  Draconis . 

5.6 

50  14 

-  1.91 

75  17  28.6 

4.36 

4-  .  06 

1605 

6470 

Draconis  .... 

5.1 

50  15 

+  1.48 

50  33  34.5 

4.36 

.00 

1606 

6460 

Scrpentis  (pr.)  . 

4.4 

50  15 

2.qS 

4  02  56.2 

4.36 

4"  .08 

1607 

6462 

Serpentis  (sq.)  . 

4.7 

50  16 

2.98 

4  02  52.4 

4.37 

4-  .12 

1608 

6466 

J  Lyrx . 

4.4 

50  19 

2. 10 

36  44  50.1 

4.37 

4-  .04 

160Q* 

.  . 

Herculis . 

5.7 

50. 8 

2.65 

17  58  .... 

4.41 

1610 

6473 

Lyrae . 

5.4 

51  01 

1.92 

41  26  58.2 

4-43 

.00 

1611 

6471 

64  Serpentis . 

5.7 

18  51  15 

-h  3-02 

2  22  46.4 

-f-  4.45 

4-  .01 

1612 

6476 

Draconis . 

5-6 

51  37 

1.59 

48  42  35.9 

4.48 

—  .12 

1613 

6475 

R  Lyras . 

var.  4 -3-4 -6 

51  41 

1.82 

43  47  17.4 

4.49 

.00 

1614* 

Aquilae . 

5.5 

52.9 

2.67 

17  12  .... 

4-59 

... 

1615* 

D.  M.  19°.  3858  .  .  . 

5.6 

53.5 

2.61 

19  38  .... 

4.64 

1616 

6483 

II  Aquilas . 

5.1 

53  34 

2.76 

13  27  51.0 

4.65 

-  .05 

1617 

6487 

t  Aquilae . 

4.1 

54  10 

2.72 

14  54  22.6 

4.69 

—  .10 

1618 

6491 

y  Lyrae . 

3.2 

54  27 

2.25 

32  31  34.0 

4.72 

4-  .02 

1619 

6496 

48  Draconis . 

5.7 

54  43 

1.02 

57  39  21.9 

4.74 

-  .07 

1620* 

Lyr» . 

5.7 

54-9 

2.44 

26  04  .... 

4.76 

... 

1621 

6497 

X  Lyrae . 

5.6 

18  55  29 

4-  2.26 

31  58  42.9 

+  4.81 

4-  .or 

1622 

6510 

V  Draconis . 

5.1 

55  52 

-  0.71. 

71  o5  II. 6 

4.84 

+  .05 

1623* 

Draconis . 

56.0 

4-  0.28 

65  07  .... 

4-85 

1624* 

D.  M.  20°,  4022  ,. 

5.8 

56.2 

2.58 

20  40  ... . 

4.87 

1625* 

Draconis . 

4.9 

57.2 

1. 51 

50  22  .... 

4.95 

1626* 

Aquilae . 

1  5.8 

57.5 

3.04 

I  38  .... 

4.98 

... 

1627* 

D.  M.  19'’,  3888  . 

5.3 

57-7 

!  2.61 

19  29  .... 

=  .00  1 

... 

1628  1 

6520 

16  Lyrae . 

4.9 

58  03 

1  1. 71 

46  45  56.3 

5.02 

1 

—  .06 

1629  i 

6522 

49  Draconis . 

j  5.6  1 

58  21 

1.19 

55  29  10.3 

5.05 

—  .06 

1630 

6528 

s  Aquilx . i 

'  1 

3-0 

59  54 

2.75 

13  41  II. 5 

5.18 

:  -  -09 

1631 

6534 

Lyrae . 

5.8 

19  00  23 

4-  2.28 

31  33  58:4 

+  5.22 

.00 

1632 

1  ^543  1 

18  Aquilae . 1 

5.0 

01  20 

2.83  ! 

10  53  15.9 

5.30 

!  —  .02  1 

I 

>633 

654* 

Vulpeculae  .... 

5.5 

or  38 

2.50 

24  03  59-4 

'  5.33 

4-  .22  , 

1634* 

Aquilae . 

5.3 

01.6 

2.69  1 

16  41  .... 

5.33  1 

1 

1 

1635 

<>547 

Lyrae . 

5.5 

01  52 

2.39 

28  26  25.1 

5.35 

-  .05 

, 

1  1636 

1  6551 

51  Draconis . 

1  5.6 

02  13 

1.35  j 

53  12  44.7 

5.37 

.00 

1637 

6553 

17  Lyrae . 

5.5 

02  53 

2.27  ^ 

32  18  48.2 

5.43  , 

4-  .06 

1638 

6556 

i  Lyrae . 

5.1 

03  01 

2.14  1 

35  54  46-8 

5.44  ! 

4-  .04 

1639 

6552 

19  Aquilx . 

i  5.2 

03  07 

4-  2.94 

5  53  09-3 

5.45 

-  .04 

1640* 

D.  M.  82',  572 

5.8 

06.6 

-  6.28 

82  12  .... 

5.74 

1 

1641 

6571 

1 9  Lyrae . 

5.8 

19  07  10 

4-2.30 

31  05  03.4 

+  5-79 

1  4-  .06 

1 

1642 

6574 

Vulpeculae  .... 

5.8 

07  28 

2.57  , 

21  21  12.2 

5. 82 

.00 

i 

1643 

6572 

21  Aquilae . 

5.3 

07  4C 

3.02 

2  05  29.7 

5.84 

i  -h  .06 

1 

1644* 

.  . 

Aquilae . 

5.8 

07.8 

2.95 

5.18  .... 

5.85 

1 

1  .  .  .  1 

i(J45 

65^3 

53  Draconis . 

5.4 

09  24 

1. 13 

1  56  39  18.9 

1  5.98 

4-  .05 

1646 

6581 

7  Lyrae . 

1  4.2 

09  40 

2.04 

38  56  26.8 

6.00 

4-  .05 

1647* 

.  . 

D.  M.  19“,  3956  .  .  . 

1  5.8 

09.8 

2.61 

20  01  ... . 

6.01 

1648 

6582 

I  Sagittae . 

5.8 

10  07 

2.58 

!  21  01  24.4 

6.04 

1  ■*"  *04 

1649 

6585 

22  Aquilae . 

*  5.6 

10  35 

2.97 

4  37  28.2 

6.08 

1  —  .02 

1650* 

1  Lyrae . 

1  6.0 

1 

10.8 

2.33 

30  19  •••• 

6. 10 

1  1 
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No.  ^ 

B.  A.  C. 

Constellation. 

Mag. 

A.  R.  1880. 

Annual 

Variation. 

Declination 

1880. 

Annual 

Precession. 

Proper 

Motion. 

h.  m.  s. 

s. 

0 

f 

„ 

$9 

i6si* 

•  - 

Aquilx 

5-6 

19  II  . . 

-+-  2.75 

14 

20 

6.  II 

1652  1 

6589 

I 

Vulpeculae  . 

4.7 

11  04 

2.58 

21 

10 

47.8 

6.12 

.06 

1653 

660  i 

54 

Draconis  . 

5.2 

II  47 

1.08 

57 

29 

53-9 

6.18 

-- 

.07 

1654 1 

6595 

u 

Aquil®  . 

5.3 

12  II 

2.81 

II 

22 

49.1 

6.21 

+ 

.02 

1655 

6599 

Lyrae  . 

4.0 

12  12 

2.08 

37 

55 

14.9 

6.21 

.00 

1656 

6597 

23  Aquilae 

5.1 

12  26 

3-05 

0 

52 

04.8 

6.23 

- 

.04 

1657 

6612 

6 

Draconis  . 

3.0 

12  31 

0.03 

67 

27 

01 .0 

6.24 

4- 

07 

1658 

.  . 

D.  M.  9°,  4057 

5.8 

13  09 

2.86 

9 

24 

07.8 

6.30 

1659 

1  6625 

59 

Draconis  . 

5.5 

13  33 

-  2.15 

76 

21 

34.1 

6-33 

- 

.  12 

1660 

*  6615 

A 

Aquilae  . 

5.5 

14  03 

+  2.80 

12 

09 

16.8 

6-37 

+ 

.07 

1661 

1  6623 

K 

Cygni  .  . 

4.2 

19  14  20 

+  1.38 

53 

08 

51.2 

6.39 

4- 

.09 

1662 

1  66f8 

d 

Aquilae 

5.3 

14  24 

3-10 

—  I 

06 

50.7 

6.40 

- 

.01 

1663* 

Aquilae 

5.1 

16.2 

3-o8 

—  0 

30 

.... 

6.55 

1664 

6650 

T 

Draconis  .  . 

4.5 

17  51 

—  I. II 

73 

07 

55.8 

6.68 

+ 

.  10 

1665 

6637 

3 

Vulpeculae  . 

5.4 

17  56 

+  2.46 

26 

02 

00. 1 

6.69 

4- 

.01 

1666 

6640 

Draconis  (pr^ 

5.9 

18  04 

1. 10 

57 

25 

05.3 

6.70 

.00 

1667 

6642 

2 

Sagittae 

5-8 

18  59 

2.69 

16 

42 

19.8 

6.78 

+ 

.04 

x668 

!  6644 

b 

Aquilae 

5.2 

19  ^5 

2.86 

II 

41 

20.7 

6.79 

+ 

.69 

1669 

’  6648 

2 

Cygni  .  .  . 

5.2 

19  24 

2  37 

29 

23 

16.3 

6.81 

4- 

.05 

1670 

6646 

6 

Aquilae 

3.3 

19  27 

3.02 

2 

52 

36.6 

6.82 

4- 

.10 

1671 

6662 

TT 

Draconis  . 

. 

4.8 

19  20  03 

H-  0.32 

65 

29 

00.2 

+ 

6.86 

+ 

.03 

1672 

,  6656 

Lyrae  . 

5.6 

20  09 

1.89 

43 

09 

18.7 

6.86 

.00 

1673 

6654 

4 

Vulpeculae  . 

4.9 

20  13 

2.63 

19 

33 

53-9 

6.87 

- 

.03 

1674 

6653 

V 

Aquilae 

4.9 

20  23 

3-07 

0 

06 

01.2 

6.89 

- 

.02 

J675^ 

Aquilae 

5.8 

20.8 

2.79 

12 

48 

.... 

6.91 

. . . 

1676 

6667 

4 

Cygni  .  .  . 

5.0 

21  50 

i  2.16 

36 

04 

40.9 

7.01 

4- 

.05 

1677' 

Aquilae 

5.8 

22  . . 

2.76 

14 

02 

7.02 

1678 

6674 

6 

Vulpeculae  . 

4.3 

23  43 

2.49 

24 

25 

22.9 

7 . 16 

- 

.09 

1679’ 

»! 

Aquilae 

5.8 

239 

a. 75 

14 

21 

.... 

7.18 

1680 

6690 

J3 

C^ygni  .  .  . 

3.1 

25  53 

2.42 

27 

42 

31-6 

7-34 

.00 

I6SI 

6697 

i 

Cygni  .  .  . 

4.2 

19  26  41 

+  1. 51 

51 

28 

28.0 

H- 

7.41 

4- 

.13 

1682 

6698 

8 

Cygni  .  .  . 

4.6 

27  19 

2.23 

34 

II 

55.0 

7-45 

i 

.04 

1683 

1  .  . 

Cygni  .  .  . 

5.8 

28  og 

1.59 

50 

03 

00.0 

7.53  i 

1684 

6701 

Aquilae 

4-7 

28  14 

2.93 

7 

07 

32.1 

7.53 

- 

.14  1 

I6S5 

i  6709 

9 

Vulpeculae  . 

5-3 

29  19  * 

2.63 

19 

30 

45.6 

7.54 

4- 

.03  1 

16S6*  .  . 

D.  M.  15°,  3872 

5.8 

30  .. 

2.73 

15 

21 

.... 

7.67 

...  ' 

1687 

6714 

9 

Cygni  .  .  . 

5.6 

30  05 

2.39 

29 

II 

57.7 

7.68 

- 

•05 

I6S8’ 

Cephei  . 

5.8 

30.2 

-  7.34 

•83 

14 

7.69 

. . . 

I6S9 

6715 

i 

Aquilae 

4.3 

30  31 

+  3“ 

—  1 

33 

04.5 

7.71 

4- 

.01 

1690 

6718 

Cygni  .  .  . 

5.2 

30  46 

1.95 

42 

09 

01.8 

7.74 

.00 

1 

1691* 

*  6723 

Cygni  .  .  . 

5.8 

19  31  14 

!  +  1.57 

50 

58 

50.2 

4- 

7.77 

- 

1 

.  10 

1692 

6722 

II 

Cygni  .  .  . 

5.8 

31  30 

'  2.16 

36 

40 

47.0 

7.80 

4- 

.04 

1693 

6724 

e 

Sagittae  . 

5.5 

31  51  ! 

2.72 

16 

II 

40.8 

7.83 

4- 

.06 

1694 

6735 

a 

Draconis  . 

4.9 

32  35  , 

—  O.II 

69 

27 

23.9 

7.88 

—  I 

.79 

1695 

6731 

Cygni  .  .  . 

5.0 

32  55 

+  1.87 

44 

25 

51.9 

7.91 

.00 

1696 

6734 

Cygni  .  .  . 

4.5 

33  13 

1. 61 

1  49 

56 

35.7 

7.93 

+ 

.15 

1697  1 

6729 

a 

Aquilae 

4.9 

33  16  j 

2.96 

5 

07 

32.3 

7.94 

+ 

.01  ' 

1 

169S  ' 

6736 

45 

Aquilae 

5.8 

34  32 

3.10 

—  0 

53 

53.2 

8.03 

4- 

1 

.02 

1699 

6740 

0 

Cygni .  .  . 

5.1 

34  38 

2.37 

29 

52 

40.0 

8.04 

4- 

.06 

1700 

6739 

a 

Sagitt® 

4.4  1 

_ j 

34  44  : 

1 

2.68 

1 

44 

22.1 

8.05 

4- 

.03 
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No. 

B.A.C. 

Constellation. 

Mag. 

A.  R.  1880. 

Annual 

Variation. 

Declination 

1880. 

Annual- 

Precession. 

Proper 

Motion. 

h.  m.  s. 

s. 

0  » 

ii 

1701* 

•  • 

Aquil® 

5.7 

19  35.5 

+ 

2.78 

13  33 

.... 

+ 

8.12 

.  .  . 

1702 

6745 

14 

Cygni 

5.2 

35  32 

1.95 

42  32 

31.4 

8.12 

+ 

.07 

1703 

6744 

/3 

Sagitt®  . 

• 

4.4 

35  40 

2.70 

17  II 

56.8 

8.13 

+ 

.02 

1704 

6748 

Cygni 

5.5 

35  59 

1-35 

54  41 

30-3 

8.16 

.00 

1705 

6749 

z 

Aquil® 

5.5 

36  55 

2.82 

II  32 

44.2 

8.23 

-f- 

.07 

1706 

6754 

Cygni 

* 

5-0 

37  07 

1.84 

45  14 

26.9 

8.23 

.00 

1707* 

•  • 

Cygni 

5.8 

38.1 

2.31 

32  09 

.... 

8.32 

. .  . 

1708 

6758 

10 

Vulpecul® 

■ 

5-7 

38  44 

2.50 

25  29 

07.9 

8.37 

- 

.01 

1709 

6759 

ip 

Aquil® 

6.0 

38  59 

2.80 

13  00 

57.3 

8.40 

— 

.01 

1710 

6769 

D.  M.  41®,  3469 

5.4 

39  45 

2.00 

41  29 

08.5 

8.46 

.01 

1711 

6767 

V 

Aquil® 

5.9 

19  39  50 

+ 

2.92 

7  19 

24-5 

+ 

8.46 

+ 

.03 

1712 

6771 

*5 

Cygni 

5.2 

39  57 

2.16 

37  03 

55.3 

8.47 

+ 

.08 

1713 

6772 

7 

Aquil® 

3.1 

40  33 

2.85 

10  19 

19. 1 

8.52 

.00 

1714 

6779 

S 

Cygni 

2.9 

41  13 

1.88 

44  50 

17.9 

8.57 

.00 

1715 

6784 

*7 

Cygni 

5.2 

41 52 

2.27 

33  26 

57.5 

8.62 

- 

.44 

1716 

6783 

6 

Sagitt®  . 

4.0 

42  02 

2.68 

iS'  14 

22.4 

8.63 

+ 

.05 

1717 

6789 

TT 

Aquil® 

5-7 

43  03 

2.83 

II  31 

06.5 

8.71 

-f 

.02 

1718 

6794 

c 

Sagitt® 

5.1 

43  39 

2.67 

18  50 

32.7 

8.76 

-h 

.07 

1719 

6799 

Cygni 

5.9 

43  56 

1.75 

47  36 

42.1 

8.78 

.00 

1720 

6802 

a 

Aquil® 

• 

0.9 

44  56 

2.93 

8  33 

09.0 

8.86 

.38 

1721 

6805 

0 

Aquil® 

5.4 

19  45  17 

+ 

2.88 

10  06 

58.1 

4- 

8.89 

.16 

1722 

6810 

12 

Vulpecul® 

5.3 

45  54 

2.59 

22  18 

22.9 

8.94 

+ 

.05 

1723* 

•  • 

X 

Cygni 

var.  4-13- 

46  .. 

2.31 

32  37 

8.95 

. . . 

1724 

6813 

19 

Cygni 

5.6 

46  19 

2.12 

38  24 

52.1 

8.97 

-H 

.12 

1725 

6811 

V 

Aquil® 

var.  3.6-4.6 

1  46  22 

3.06 

0  41 

54.8 

8.97 

- 

.04 

1726 

6817 

Cygni 

5.6 

46  30 

2.06 

40  17 

42.9 

8.99 

.00 

1727* 

•  • 

Vulpecul® 

5.4 

47  .. 

2.53 

24  41 

.... 

9-03 

•  •  • 

1728 

6824 

20 

Cygni  (d)  . 

5.2 

47  37 

1.50 

52  41 

02.6 

9.07 

— 

.05 

1729* 

•  • 

Cygni 

5.6 

48.4 

1. 81 

46  43 

— 

9.14 

.  .. 

1730 

6827 

*3 

Vulpecul® 

4.7 

48  22 

2.55 

23  46 

03.3 

9.14 

H- 

.08 

1731 

1  6825 

Aquil® 

5.1 

19  48  26 

+ 

2.91 

8  09 

07.7 

+ 

9.14 

- 

.09 

1732 

6836 

e 

Draconis  . 

3.8 

48  34 

- 

0. 18 

69  57 

43-0 

9-*5 

- 

.00 

1733* 

6830 

Cygni 

5.8 

48  35 

1.77 

47  37 

21.2 

9-*5 

+ 

.00 

1734 

6826 

58 

Aquil® 

5.6 

48  36 

1 

3.07 

0  02 

21.2 

9-*5 

- 

.10 

1735 

6833 

Aquil® 

4.0 

49  25 

1 

2.95' 

6  06 

29.2 

9.21 

- 

•47 

1736  1 

6835 

Vulpecul® 

5.7 

49  26 

2.55 

24  00 

21.2 

9.21 

- 

.01 

1737* 

Cygni 

5.8 

50*4 

2.19 

36  41 

.... 

9.29 

i 

. . . 

1738 

6838 

0 

Aquil® 

5.3 

50  33 

2.85 

II  06 

23.0 

9-31 

+ 

.05 

1739 

6839 

10 

Sagitt® 

5.3 

50  34 

2.73 

16  19 

06.5 

9-31 

+ 

.07 

1740 

6847 

23 

Cygni 

5*3 

50  50 

1.24 

57  12 

33.4 

9.32 

.00 

1741 

6852 

Cygni 

5.7 

19  51  26 

+ 

1.07 

59  23 

28.4 

+ 

9*37 

.00 

1742 

6849 

22 

Cygni 

5.3 

5*  34 

2.14 

38  10 

07.2 

9-38 

.00 

1743 

6851 

7 

Cygni 

4.4 

51  48 

1 

2.25 

34  45 

54.6 

9-40 

- 

.04 

1744 

6853 

II 

Sagitt®  . 

5.6 

52  19 

2.72 

16  23 

02.4 

9.44 

+ 

.11 

1745 

6856 

Cygni 

5.3 

52  32 

1.56 

52  07 

17. 1 

9-45 

+ 

.02 

1746 

6857 

Cygni 

5-4 

53  04 

2.08 

40  02 

46.3 

9-50 

.00 

1747 

6858 

>' 

Sagitt®  . 

3.8 

53  25 

2.67 

19  10 

02.8 

9.52 

-r 

.08 

1748 

6867 

Cygni 

5-2 

53  39 

1. 16 

58  31 

32.8 

9-54 

- 

.02 

*749* 

.  . 

Cygni 

5.7 

53.9 

2.38 

30  39 

.... 

9.56 

. . . 

1750 

6866 

14 

Vulpecul® 

5.7 

54  02 

2.58 

22  46 

31.0 

9-57 

— 

.02 
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CATALOGUE  OF  STARS  FOR  OBSERVATIONS  OF  LATITUDE. 


1 

No. 

B.  A.C. 

Constellation. 

Mag. 

A.] 

R.  1880. 

Annual 

Variation. 

Declination 

1880. 

Annual 

Precession. 

Proper 

Motion. 

1 

h. 

m.  s. 

s. 

0 

1 

II 

r. 

*75* 

6868 

*3 

Sagittse  .... 

5.6 

*9 

54  38 

4- 

2.71 

*7 

11 

23.0 

4 

9.61 

4 

.06 

1 

1752 

6875 

25 

Cygni . 

5.5 

55  3* 

2.16 

36 

42 

52.9 

9.68 

4 

.08 

1 

1753 

6876 

Cygni . 

5.7 

55  34 

1.88 

45 

26 

44.3 

9.69 

.00 

*754 

6879 

*5 

Vulpeculae  . 

4.9 

56  09 

2.47 

27 

25 

24.3 

9-73 

4 

.08 

*755 

6883 

16 

Vulpecul®  . 

5.4 

56  56 

2.55 

24 

36 

10.9 

9-79 

4 

.09 

1756 

6895 

e 

. 

5.0 

57  58 

1..70 

49 

46 

16.9 

9.87 

— 

.01 

*757 

1  6890 

:4 

Sagittae  .... 

5.1 

58  01 

2.75 

*5 

4* 

43-8 

9.87 

4 

.04 

1758 

t  6893 

r 

Aquilae  .... 

5.8 

58 17 

2.93 

6 

56 

25.3 

9.90 

4 

.01 

1759* 

H 

Cygni . 

5.8 

58.7 

2.41 

29 

35 

.... 

9-93 

. . . 

1760 

1  6897 

*5 

Sagittae  .... 

5.5 

58  43 

2.69 

16 

44 

46.7 

9-93 

- 

.36 

1761 

6901 

f7 

Sagittae  .... 

5.3 

*9 

59  50 

+ 

2.66 

*9 

38 

53.7 

+ 

10. 01 

4 

.10 

1762’ 

» 

Cygni . 

5.8 

59-9 

2-35 

3* 

53 

.... 

10.02 

.  .  . 

1763*'  .  . 

D.  M.  15°,  4040  . 

5.8 

59-9 

2.76 

*5 

10 

.... 

10.02 

.  .  . 

1764  6905 

e 

Draconis  .... 

5.* 

20 

00  12 

0.65 

64 

29 

05.8 

10.04 

— 

.02 

1765 

i  6912 

*7 

Vulpeculae  . 

5.1 

01  44 

2.58 

23 

16 

10.4 

10. 16 

.00 

1766 

6915 

b 

Cygni  .  .  .  .  . 

5-6 

01  54 

2.23 

35 

38 

34.0 

10.17 

— 

.4* 

1767 

1  6926 

P 

Draconis  .... 

4.8 

02  16 

0.29 

67 

3* 

52.4 

10.20 

4 

.04 

*768*  .  . 

Aquilae  .... 

5.8 

02.9 

2.86 

10 

22 

.... 

10.24 

•  •  • 

1769 

6936 

69 

Draconis  .... 

6.1 

02  57 

- 

T.59 

76 

08 

45.1 

10.25 

— 

.08 

1770 

6928 

C)'gni . 

5.7 

03  03 

1.56 

52 

48 

37.8 

10.25 

.00 

*77* 

# 

Cygni . 

6.0 

20 

03.1 

-h 

2.30 

34 

04 

.... 

+ 

10.25 

•  •  • 

*772 

6932 

66 

Draconis  .... 

5.3 

03  38 

0.96 

61 

38 

50.0 

10.30 

4 

.05 

*773 

,  6937 

C)'gni . 

5.3 

04  58 

2.22 

36 

29 

16.0 

10.40 

4 

.11 

*774 

6934 

Aquilx  .... 

3.2 

05  07 

3. 10 

—  I 

10 

35.0 

10.41 

.00 

1  '775 

6940 

18 

Vulpeculae  . 

5.5  ; 

05  33  ! 

2.50 

26 

32 

57.5 

10.44 

4 

.04 

1  *776*  .  . 

D.  M.  21'',  4088  .  . 

5.8 

06.1 

2.62 

21 

3* 

10.47 

.  .  . 

*777 

1  6943 

*9 

Vulpeculae  . 

5.7 

06  47 

2.51 

26 

27 

09.3  1 

10.54 

4 

.05 

1778 

!  6952 

P 

Aquilae  .... 

4.9 

08  43 

2.78 

*4 

50 

00.3 

10.67 

4 

.08 

*779 

1  6957 

21 

Vulpeculae  . 

5.8 

09  19 

2.47 

28 

*9 

54.3 

10.72 

— 

.08 

1  *780 

^  6962 

'  0 

Cygni  (pr.)  .  .  . 

5.0 

09  32  1 

1 

1.89 

46 

27 

II. 7 

! 

*0.74 

4 

.01 

j  1781 

1  6970 

1  68 

Draconis  .... 

5.6 

20 

09  37 

■H 

0.99 

61 

42 

54-7 

!  4 

10.74 

4 

.06 

1  1782 

'  6965 

1 

Cygni  (sq.)  .  .  . 

3.8 

09  5* 

1.89 

46 

22 

42.0 

10.76 

!  4 

.04 

'  1783 

6967 

'  b  "* 

Cygni . 

5.1  i 

10  02 

1 

2.45 

36 

26 

22.3 

10.78 

4 

.  12 

1  >784 

1  6966 

1  22 

Vulpecul®  . 

5.0 

10  II  j 

2.54 

25 

*3 

35.0 

10.79 

1785 

‘  6968 

Vulpeculae  . 

5-4 

10  19 

2.59 

23 

08 

35-9 

10.80 

4 

.02 

1786  1  6976 

33 

Cygni . 

4.5 

10  36 

1.40 

56 

12 

01.8 

10.82 

4 

.04 

1  '787 

6973 

23 

Vulpeculae  . 

1 

4.8 

10  48 

l 

2.48 

27 

26 

49.4 

10.83 

4 

.01 

1788 

6975 

18 

Sagittae  .... 

■ 

5.9 

II  03 

2.64 

21 

*3 

54.6 

10.85 

.00 

1789 

6980 

D.  M.  60°,  2099  . 

1 

5.8 

11  16 

*•13 

60 

16 

1 

24.2 

1 

10.87 

4 

.01 

1790 

6979 

24 

Vulpeculae  . 

•  j 

5.6 

II  39 

2.57 

24 

18 

08.2 

10.89 

4 

.02 

*79* 

{  6983 

0® 

Cygni . 

3.9 

20 

II  46 

+- 

1.85 

47 

20 

46.8 

4 

10.90 

4 

.03 

1792 

j  6986 

Cygni . 

5.* 

12  39 

2.15 

39 

59 

40.0 

10.96 

.00 

j  *793 

7005 

K 

Cepbei(ist*)  . 

4.6 

*2  54 

*- 

1.89 

77 

20 

56.1 

10.99 

— 

.00 

*794 

j  6990 

P 

Cygni . 

var.  3-6 

13  22 

4- 

2.21 

37 

39 

38.5 

11.02 

4 

•03 

1  '795* 

1  *  ’ 

Delphini  .... 

5.6 

13.9 

1 

2.82 

12 

52 

.... 

11.06 

1 

I  *796 

1  6998 

35 

Cygni . 

5.3 

*4  03 

2.31 

34 

36 

30.6 

11.06 

4 

.02 

*797  1 

.  . 

Cygni . 

5.6 

*5  27 

*•49 

55 

01 

20.0 

11.18 

'  '798  1 

7014 

iisAquilae  .... 

5.4 

17  14 

2.98 

4 

57 

39-9 

11.30 

.  .  . 

1  *799*1 

.  • 

Delphini  .... 

5.7 

*7.3 

2.79 

*4 

09 

.... 

*1.3* 

.  . . 

1800  1 

7024 

7* 

Draconis  .... 

5.6 

17  36 

i  .01 

6i 

52 

35.3 

**•33 

4 

.02 

s.  Ex.  37 - 16 
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No. 

B.A.C. 

Constellation. 

Mag. 

A.  R.  1880. 

Annual 

Variation. 

Declination 

1880. 

Annual 

Precession. 

Proper 

Motion. 

h.  m.  s. 

s. 

0 

t 

n 

n 

i8oi 

7022 

y 

Cygni  .  . 

2.4 

20  17  55 

-f- 

2.15 

39 

52 

24.6 

H-  11.35 

4- 

.02 

1 802* 

Cygni  .  . 

5.5 

18  10 

1.95 

45 

24 

35-6 

11.37 

1803 

7027 

Cygni  .  . 

5-6 

18  30 

2.13 

40  38 

36.1 

11.39 

.00 

1804 

7029 

39 

Cygni  .  . 

4.9 

19  04 

2.40 

31 

48 

13.7 

11.43 

4- 

•05 

1805* 

.  . 

Cygni  .  . 

5.6 

19.3 

2.24 

37 

05 

11.45 

.  .  . 

1806* 

D.  M.  63°.  1618 

5.7 

19.5 

0.96 

63  37 

11.47 

.  .  . 

1807 

7037 

Draconis  . 

5-8 

19  33 

0.29 

68 

29 

45.4 

11.43 

- 

•03 

1 808* 

Viilpeculae 

5.6 

20.4 

2.65 

21 

01 

11.53 

1809 

7061 

40 

Cygni  .  . 

5.8 

23  07 

2.22 

38  02 

48.8 

ir.72 

- 

.04 

1810 

7062 

(ji 

Cygni  .  . 

5.7 

23  22 

1.83 

48  59 

08.8 

11.74 

+ 

.04 

1811 

7067 

41 

Cygni  .  . 

4.3 

20  24  29 

+ 

2.45 

2958 

08.5 

4-  11.82 

4- 

.01 

1812 

7065 

I 

Dclphini  . 

5.7 

24  33 

2.83 

10 

29 

42.6 

11.83 

.00 

1813 

7085 

Cygni  (pr.) 

5.1 

26  21 

1.86 

48  32 

56.4 

11.95 

4- 

.02 

1814 

7086 

Cygni  .  . 

5.8 

26  27 

1.50 

55 

39 

57.0 

11.96 

.  .  . 

1815* 

Vulpeculje 

6.0 

26.8 

2.56 

25 

24 

.... 

11.98 

.  .  . 

1816 

7088 

t 

Delphini  . 

4.1 

27  29 

2.87 

10 

.53 

47-1 

12.03 

- 

•03 

1817 

7098 

Cephei 

3-8 

27  34 

1.02 

62 

35 

27.7 

12.04 

- 

.05 

1818 

7091 

Cygni  (sq.) 

5.4 

27  36 

1.85 

48 

48 

57.5 

12.04 

- 

•03 

1819 

.  . 

D.  M.  51®.  2882 

5.8 

27  55 

I.7I 

51 

54 

02.3 

12.06 

.00 

1820 

7094 

n 

Delphini  . 

5.5 

28  16 

2.84 

12 

37 

02.7 

12.09 

4- 

.08 

1821 

7103 

47 

Cygni  .  . 

51 

20  29  14 

-f 

2.34 

34 

50 

25.2 

+  12.15 

- 

•05 

1822 

7107 

s 

Delphini  . 

4.6 

29  42 

2.81 

14 

*5 

41.3 

12.18 

4- 

.04 

1823 

7112 

Cygni  .  . 

5.8 

29  59 

1.96 

46 

16 

56.8 

12. 21 

.00 

1824 

7121 

/? 

Delphini  . 

3.8 

31  55 

2.81 

14 

10 

44.0 

12.34 

- 

.01 

1825 

7126 

27 

VulpeculjE 

5.8 

31  58 

2.56 

26 

02 

44.0 

12.34 

4- 

.02 

1826 

7125 

1 

Delphini  . 

5.1 

32  05 

2.87 

10 

57 

34.9 

12.35 

- 

.01 

1827 

7122 

71 

Aquilae 

4.6 

1  32  08 

3.10 

—  I 

31 

21.4 

12  35 

4- 

.02 

1828 

Cygni 

1  5.8 

j  32  53 

2.25 

37 

54 

44.5 

12.41 

1829 

7137 

Delphini  . 

5.5 

33  04 

2.83 

12 

53 

40.9 

12.42 

- 

.01 

1830 

7156 

73 

Draconis  . 

.  1 

5-3  ‘ 

33  04 

- 

0.73 

74 

32 

34.5 

12.42 

!  “ 

.03 

1831 

7140 

29 

Vulpeculae 

4.7  1 

20  33  10 

4- 

2.68 

20 

46 

51.7 

-1-  12.43 

4- 

.01 

1832 

7*38 

I 

Aquarii  . 

5-2 

33  16 

3.08 

0 

03 

56.4 

12.44 

- 

.03 

1833 

7143 

28 

Vulpeculae 

5-2  1 

33  x8 

2.61 

23 

41 

45.5  1 

12.43 

4- 

.01 

1834 

7141 

K 

Delphini  . 

5.2 

!  33  18 

2.92 

9 

39 

52.9 

12.44 

i  + 

.02 

1835 ! 

7*46 

D.  M.  15°,  4220 

5.8  ! 

'  33  31 

2.78 

15 

25 

04.3 

12  4S 

;  4- 

.02 

1836*1 

•  • 

Vulpeculae 

5.8 

,  33.8 

2.66 

21 

24 

12.47 

1837 

7149 

a 

Delphini  . 

3.8 

34  04 

1 

2.79 

15 

29 

23.2 

12.49 

4- 

•03 

1838 

7158 

Cygni  .  . 

5.9 

35  10 

2.19 

40 

09 

20.9 

12.56 

.00 

1839 

7160 

10 

Delphini  . 

5.8 

35  39 

2.81 

14 

09 

26.5 

12.59 

4- 

.03 

1840 

7178 

75 

Draconis  . 

5.6 

35  42 

- 

3-50 

81 

00 

37.9 

12.60 

.00 

1841* 

.  . 

Cygni  .  . 

5-7 

20  35.8 

+ 

2. 10 

43 

02 

4-  12.61 

i 

... 

1842 

7164 

49 

Cygni  .  . 

5.6 

36  II 

2.43 

3t 

52 

53-2  ' 

12.63 

4- 

.03 

1843 

7171 

a 

Cygni  . 

X.5 

37  20 

2.04 

44 

51 

07.6 

12.71 

.oc 

1844 

7174 

Cygni  .  . 

5.5 

37  36 

2.16 

1  41 

17 

15.9 

12.73 

.00 

1845 1 

7173 

fl 

Delphini  . 

• 

4.2 

37  51 

2.80  i 

14 

38 

41.8 

12.75 

- 

.02 

1846  ‘ 

1  7182 

51 

Cygni  .  . 

5.6  1 

38  31 

1.86 

49 

54 

33-5 

12.79 

,  - 

.04 

1847 1 

7188 

30 

Vulpeculae 

5.4 

39  41 

2.60 

24 

50 

31.8 

12.87 

i  — 

.17 

1848 

7194 

52 

Cygni  .  . 

4.4 

40  43 

i 

2. 48 

30 

16 

56.2 

12.93 

4- 

.01 

1849 

7200 

y 

Delphini  . 

4.2 

41  05 

2.78 

15 

41 

34.6 

12.90 

1  - 

.15 

1850* 

Cephei 

6.0 

41. 1 

1.56 

56 

03 

12.96 

... 
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> 

No.  E 

L  A.C. 

Constellation. 

Mag. 

A.  R.  i88o. 

Annual 

Variation. 

Declination 

1880. 

Annual 

Precession. 

Proper  ^ 
Motion,  j 

h.  m.  s. 

s. 

0 

f 

19 

1851 

7204 

e  Cygni  .  . 

2.8 

20  41  22 

2.42 

33 

31 

17*3 

-H  12.98 

4- 

.32  1 

1852 

7211 

4  Cephei 

5.4 

41  40 

0.76 

66 

13 

15.3 

13*00 

- 

.01 

>853 

7206 

13  Delphini  . 

5*5 

41  52 

2.98 

5 

34 

07.1 

13.02 

1854 

7215 

Cephei 

4.7 

42  22 

1.49 

57 

08 

58.7 

13*05 

- 

.19 

1855 

.  - 

T  Cygni .  . 

var.  5-6 

42  23 

2*39 

33 

56 

01.8 

13.05 

... 

1856  ' 

7213 

^  Cygni  . 

4.6 

42  44 

2.33 

36 

03 

01.8 

13.07 

4- 

.02 

1857 

7220 

f/  Cephei 

3.6 

42  5* 

1.23 

61 

22 

23*7 

13.08 

4- 

.87 

1  1858* 

.  . 

Cygni  .  . 

5.5 

43.9 

1.98 

47 

23 

.... 

13.15 

... 

1 1859 

7223 

15  Delphini  . 

5.6 

43  55 

2.86 

12 

05 

52.5 

13.15 

4- 

*30 

i860 1 

7222 

14  Delphini  . 

5.7 

43  55 

2.94 

7 

25 

12.8 

13*15 

4- 

.05 

1861 

.  . 

Cygni  .  . 

6.0 

20  44  17 

-h 

1.78 

51 

58 

16.2 

+  13.18 

. . . 

1862 

7233 

55  Cygni.  . 

4.9 

44  51 

2.04 

45 

40 

10.8 

13*21 

4- 

.01 

1  1863* 

■  * 

Cygni .  . 

6.0 

45*1 

1. 81 

51 

28 

.... 

13.23 

1864 

1  7241 

56  Cygni  .  . 

5.0 

45  49 

2.13 

43 

36 

28.3 

13*27 

+ 

*13 

1865^" 

Delphini  . 

6.0 

47-0 

2.76 

17 

34 

.... 

13.35 

1366 

7246 

31  Vulpeculae 

4.9 

47  00 

2.57 

26 

38 

55.8 

13.35 

- 

.01 

1867 

1  7253 

57  Cygni  .  . 

•  4.9 

49  00 

2.12 

43 

56 

00.8 

13.48 

.00 

.  1868 

1  •  • 

Cygni  .  . 

6.0 

49.0 

2.43 

32 

59 

.... 

13.48 

1869 

'  7256 

32  Vulpeculx 

5-2 

49  27 

2.55 

27 

36 

07.0 

13.51 

.00 

1870 

I  7255 

1  Equulei  . 

1 

5*5 

49  40 

3.01 

4 

04 

31.4 

13.53 

— 

.06 

1871 

1 

:  7257 

16  Delphini  . 

5.4 

20  49  55 

2.87 

12 

06 

40.5 

+  13.54 

+ 

*05 

187a  1  7258 

1  17  Delphini  . 

5*3 

49  56 

2.84 

13 

15 

52.9 

13.54 

4- 

.04 

1873 '  7291 

1  76  Draconis  . 

5.8 

51  II 

- 

3.99 

82 

05 

08.3 

13.62 

— 

*03 

i87t 

7268 

Cygni  .  . 

. 

5.7 

51  47 

2.02 

46 

57 

29.9 

13.66 

4“ 

.04 

1  187s 

7278 

Cygni .  . 

5.6 

52  36 

1.90 

50 

16 

05.2 

13.71 

.00 

187^ 

7271 

18  Delphini  . 

. 

5.3 

52  39 

2.89 

10 

22 

36.2 

13.71 

— 

.10 

,•87: 

1  7277 

V  Cygni  .  . 

. 

4.1 

52  42 

2.24 

40 

42 

21.9 

13.72 

4- 

.01 

1875 

!  7275 

33  Vulpeculae 

5*2 

j  .  52  54 

2.69 

21 

51 

47.2 

13.73 

:  4- 

.08 

187c 

7299 

Draconis  . 

5*5 

52  59 

2.52 

80 

06 

05.8 

13*74 

.00  1 

188c 

7281 

D.  M.  56®,  2515 

5.8 

53  04 

1.60 

56 

25 

32.8 

*3*74 

— 

.04 

1881 

1 7276 

I  Equulei  (ist 

*) 

5*2 

20  53  05 

-1- 

3.00 

3 

50 

03*5 

+  13.75 

- 

.14 

1882 

1  7290 

Cygni  .  . 

5*4 

54  02 

2.15 

44 

00 

15*7 

13.80 

.00 

1883  1  7294 

Cygni  .  . 

5.5 

54  39 

1.92 

49 

59 

45.7 

13.84 

— 

.10 

1884*1  .  . 

Delphini  . 

5.7 

55*0 

2.74 

18 

52 

.... 

13.87 

... 

1885 

1  7301 

f  Cygni  .  . 

5.3 

55  45 

2.03 

47 

03 

10.8 

13.94 

— 

.01 

1886  1  7311 

Cephei 

5.8 

56  08 

- 

0.63 

75 

27 

00 

13.94 

4- 

.05 

'  1887 

1  7310 

Cephei 

5.6 

56  28 

-h 

1.47 

58 

58 

II. 0 

13.96 

- 

.05 

1838 

1 7306 

60  Cygni  .  . 

5.4 

57  00 

2.09 

45 

41 

05.2 

13.99 

— 

.03 

1889 

,  7320 

Cygni .  . 

6.0  ; 

58  26 

2.32 

38 

11 

00.9 

14.08 

- 

.02 

1890 

7318 

3  Equulei  . 

5.6  j 

58  36 

2.99 

5 

01 

O' 

14.09 

— 

.05 

1891 

.  . 

Cephei 

5*7 

20  58  51 

1.65 

56 

II 

45.7 

+  14.11 

I  1S92 

[  7332 

Cygni .  . 

5.6 

21  00  08 

1.83 

52 

48 

29.4 

14.19 

.00 

1893 

1 7333 

f  Cygni  .  . 

4.0 

00  34 

2.18 

43 

26 

59-6 

14.22 

4- 

.02  I 

1S94 

‘  7336 

1  61  Cygni  (pr.) 

5-3 

01  31 

2.67 

38 

09 

36.2 

14*27 

4-3*22 

1895 

1  7337 

61  Cygni  (sq.) 

5.6 

01  33 

2.68 

38 

09 

26.0 

14.27 

4-3.00 

1896^ 

149  Cygni  .  . 

5.6 

01.5 

2.51 

30 

42 

14.27 

... 

1897 

7345 

Cygni .  . 

4.4 

02  28 

2.06 

47 

10 

01 .0 

14*33 

4- 

.01 

1S9S 

7350 

y  Equulei  . 

4.4 

04  30 

2.92 

9 

38 

56.2 

14.46 

— 

.18 

1899 1 

7363 

Cephei 

5.8 

05  40 

0.40 

70 

57 

06.4 

14*53 

.00 

1900 

7365 

Cygni .  . 

5.6 

06  33 

1.86 

53 

04 

22.9 

14.58 

— 

.06 
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No. 

B.  A.C. 

Constellation. 

Mag. 

A.  R.  1880. 

Annual 

Variation. 

Declination 

1880. 

Annual 

Precession. 

Proper 

Motion. 

h.  m.  s. 

s. 

0 

- 

n 

n 

1901 

7368 

C 

Cygni  .  .  . 

3-4 

21  07  50 

+  2.55 

29 

44 

07.5 

+  14-65 

— 

.07 

1902 

7372 

6 

Equulei  . 

4.6 

c8  38 

2.93 

9 

31 

17.9 

14.70 

- 

.28 

1903 

7377 

23  Cephei 

5-8 

08  45 

1.52 

59 

29 

35-6 

14.71 

— 

.04 

1904 

7380 

a 

Equulei 

4.2 

09  49 

3.00 

4 

45 

10. 0 

14.77 

— 

.09 

1905 

7385 

r 

Cygni  .  .  . 

3*9 

10  00 

2.39 

37 

32 

03.2 

14.78 

•47 

1906 

7398 

a 

Cygni  .  .  . 

4.3 

12  42 

2.35 

38 

53 

32.4 

14.94 

— 

.01 

1907 

7399 

V 

Cygni  .  .  . 

4.4 

12  59 

2.46 

34 

23 

38.3 

14.96 

4- 

.02 

1908* 

D.  M.  53°,  2588 

5.6 

13-3 

1.88 

53 

30 

.... 

14.98 

... 

1909 

7401 

D.  M.  55°,  2549 

5.8 

13  39 

1.80 

55 

17 

37.2 

15.00 

— 

.11 

1910 

7402 

A 

Cygni  .  .  . 

5.2 

13  59 

2.23 

43 

26 

29.7 

15.02 

.00 

1911* 

Pegasi 

5.8 

21  14.8 

+  2.72 

21 

32 

.... 

+  15-07 

... 

1912 

7405 

9 

Equulei  . 

5.7 

15  09 

2.97 

6 

50 

49.0 

15.07 

4- 

.01 

1913 

7411 

Cygni  .  .  . 

5.7 

15  21 

2.06 

49 

00 

II. 0 

15.06 

.00 

1914 

7410 

Pegasi 

5.7 

15  38 

2.69 

23 

21 

05.8 

15. II 

.00 

1915 

7416 

a 

Cephei 

2.5 

15  43 

1-43 

62 

04 

37.7 

15.12 

4- 

.01 

1916 

7417 

Cephei 

5.6 

15  56 

1.66 

58 

06 

58.4 

15.13 

... 

1917* 

.  . 

Cygni  .  .  . 

5.8 

16.3 

2.52 

32 

06 

.... 

15.15 

1918 

7418 

I 

Pegasi 

4.3 

16  32 

2.78 

19 

17 

31.6 

15.16 

4- 

.09 

1919 

7428 

6 

Cephei 

5.2 

16  53 

1.25 

64 

21 

48.2 

15.18 

.00 

1920 

7421 

/? 

Equulei  . 

5.0 

16  56 

2.98 

6 

18 

00.0 

15.18 

4- 

.05 

1921 

7438 

Cephei 

5.8 

21  17  01 

—  0.50 

76 

30 

22.6 

+  15-19 

4- 

.02 

1922 

7431 

Cygni  .  .  . 

5-8 

17  50 

4-  2.08 

48 

52 

29-3 

15.24 

.00 

1923 

7437 

Pegasi 

5.7 

18  34 

2.70 

23 

45 

35.7 

15.28 

4- 

.06 

1924 

.  . 

Cygni  (sq.)  . 

6.5 

18  57 

2.42 

36 

50 

14.7 

15.30 

... 

1925 

7444 

Vulpeculae  . 

5.3 

19  14 

2.65 

25 

39 

29.7 

15.32 

— 

.11 

1926 

7455 

Cygni .  .  . 

5.8 

20  53 

2.18 

46 

II 

42.6 

15.41 

4- 

.05 

1927 

7453 

69 

Cygni  .  .  . 

5.8 

20  53 

2.45 

36 

08 

58.7 

15.41 

4- 

.01 

1928 

7461 

35  Vulpeculae  . 

5.3 

22  23 

2.65 

27 

05 

13.7 

15.50 

4- 

.07 

1929 

7462 

70 

Cygni  .  .  . 

5.0 

22  28 

2.45 

36 

35 

44.7 

15.50 

— 

.02 

1930* 

•  • 

Cygni  .  .  . 

5.4 

22.6 

2.12 

48 

19 

.... 

15.51 

1931 

7468 

Cygni  .  .  . 

5.7 

21  22  48 

+  1-97 

52 

22 

39-8 

+  15.52 

- 

.01 

1932 

7465 

Cygni  .  .  . 

5.7 

23  01 

2.56 

31 

42 

03.4 

15.53 

4- 

.09 

1933* 

.  . 

Pegasi 

5.6 

23.5 

2.74 

21 

40 

15.56 

... 

1934 

7474 

2 

Pegasi 

4.6 

24  31 

2.72 

23 

06 

49.8 

15.61 

4- 

.02 

1935 

7480 

g 

Cygni  .  .  . 

5.3 

25  01 

2.20 

46 

00 

42.7 

15  64 

4- 

.11 

1936* 

.  . 

Pegasi 

5.8 

25.3 

2.90 

TI 

37 

15.66 

1937 

7482 

7 

Cephei 

5.4 

25  27 

1. 17 

66 

17 

08.5 

15.66 

— 

.04 

1938 

7493 

p 

Cephei 

3.2 

27  06 

0.80 

70 

02 

01. 1 

15.75 

— 

.04 

1939 

7495 

Cephei 

5.5 

27  42 

1.65 

59 

55 

50.0 

15.79 

.00 

1940 

7510 

Cephei 

6.0 

28  20 

“  1.57 

80 

00 

04.7 

15.82 

— 

.02 

1941* 

.  . 

Cygni  .  .  . 

6.0 

21  28.7 

4-  2.  II 

49 

25 

.... 

+  15.84 

1942 

7503 

P 

Cygni  .  .  . 

4.1 

29  28 

2.25 

45 

03 

43.5 

15.88 

- 

.05 

1943 

7505 

72 

Cygni  .  .  . 

5.1 

29  53 

2.45 

37 

59 

48.8 

15.90 

4- 

.12 

1944 

7521 

74  Cygni  .  .  . 

5.1 

32  oS 

2.40 

39 

52 

30. 1 

16.02 

4- 

.01 

1945 

7520 

5 

Pegasi 

5.5 

32  og 

2.81 

18 

46 

47.0 

16.02 

4- 

.09 

1946 

7528 

Pegasi 

5.8 

33  25 

2.78 

19 

43 

28.3 

16.09 

.00 

1947 

7527 

d 

Aquarii  . 

5.2 

33  28 

3.05 

I 

42 

17.7 

16.09 

— 

.02 

1948 

7542 

9 

Cephei 

5.1 

34  42 

1. 61 

61 

32 

28.0 

16.  16 

4- 

.02 

1949 

7544 

75  Cygni  .  .  . 

5.1 

35  29 

2.35 

42 

43 

46.2 

16.20 

4- 

.03 

1950 

1 

7546 

26  Aquarii  . 

5.7 

36  03 

3-07 

0 

44 

21.2 

16.23 

1 

.02 
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CATALOGUE  OF  STARS  FOR  OBSERVATIONS  OF  LATITUDE. 


1 

No.  |B.  A.  C. 

Constellation. 

Mag. 

A.  R.  18S0. 

Annual 

Variation. 

Declination 

18S0. 

Annual 

Precession. 

Proper 

Motion. 

I 

1 

h.  m. 

s. 

s. 

0 

n 

1951  1  7547 

7  Pegasi 

5-4 

21  36 

15 

-h 

3-01 

5 

08 

02.5 

4-  16.24 

— 

.05 

*952  ,  7555 

D.  M.  54°,  2595 

5.8 

36 

45 

1 .98 

54 

*9 

36.0 

16.26 

.00 

1953  j  7559 

77  Cygni  .  .  . 

. 

58 

37 

33 

2.4> 

40 

3* 

46.6 

16.30 

- 

.02 

1954  j  7560 

Cygni  .  .  . 

4.9 

37 

50 

2.12 

50 

38 

32.3 

16.31 

- 

.or 

1955  7565 

Cygni  .  .  . 

5.4 

33 

17 

2.40 

49 

36 

25.5 

16.34 

+ 

.02 

j  1956  756* 

e  Pegasi 

2.7 

38 

18 

2.95 

9 

*9 

32.5 

16.34 

.00 

'  >957  i  7566 

79  Cygni  .  .  . 

5.6 

38 

28 

2.47 

37 

44 

05.8 

16.35 

.00 

1958  7568 

ft  Cygni  (ist  *) 

4.6 

38 

47 

2.67 

28 

12 

04.5 

16.37 

.26 

'  >959  1  7567 

9  Pegasi 

4.1 

38 

50 

2.85 

16 

48 

02.6 

16.37 

4- 

.06 

19^"  1  757* 

i 

K  Pegasi 

4.2 

39 

13 

2.72 

25 

05 

38.8 

16.39 

4- 

.03 

1  101  1  7582 

Cephei 

var.  4.5-6.4 

21  39 

50 

-h 

1.83 

58 

*3 

48. 8 

H-  16.42 

4- 

.01 

1  1962  7588 

II  Cephei 

4.9 

40 

10 

0.90 

70 

45 

31 .6 

16.43 

+ 

.07 

>03  7585 

12  Pegasi 

5.* 

40 

33 

2.76 

22 

23 

47.3 

16.45 

4- 

.05 

>0»  7587 

1 1  Pegasi 

5.4 

41 

09 

3-^5 

2 

07 

55.7 

16.49 

4- 

.08 

1965  7590 

D.  M.  16'’,  4598 

5-8 

41 

22 

2.86 

16 

33 

24.4 

16.49 

1966  7597 

Cephei 

5-4 

4* 

36 

0.75 

7* 

46 

12.8 

16.51 

- 

.02 

>07  7595 

V  Cephei 

4.6 

4* 

59 

1.73 

60 

34 

01.9 

16.53 

— 

.03 

1 

1968  7593 

Cygni  . 

4.4 

42 

22 

2.21 

48 

45 

16.4 

16.54 

- 

.01 

1969  7605 

12  Cephei 

5.3 

43 

53 

1.77 

60 

08 

09  0 

16.62 

- 

.03 

1970  7606 

13  Pegasi 

5-3 

4» 

26 

2.86 

16 

43 

42.7 

16.64 

— 

.01 

1971  7607 

14  Pegasi 

5.* 

21  44 

32 

+ 

2.65 

29 

36 

58.3 

+  16.65 

- 

.or 

1972  .  . 

Pegasi 

5.6 

45 

5^^ 

2.81 

*9 

15 

52.4 

1973  7623 

15  Pegasi 

5.9 

47 

09 

2.67 

28 

*3 

57.9 

16.78 

- 

.04 

1974  7627 

16  Pegasi 

5.4 

47 

36 

2.73 

25 

21 

39-6 

16.79 

— 

.01 

>975  7631 

Cygni .  .  . 

5.8 

47 

57 

2.02 

55 

13 

58.3 

16.82 

— 

.06 

1976*  .  . 

Pegasi 

5-5 

48 

0 

2.82 

*9 

06 

.... 

16.82 

1977*  .  . 

D.  M.  20°,  5046 

5.6 

50. 

.8 

2.80 

20 

42 

16.95 

1978  7641 

17  Pegasi  .  . 

5.5 

5* 

06 

2.93 

II 

30 

27.6 

16.96 

+ 

.04 

1979  7658 

Cephei 

5.5 

53 

*7 

1.70 

63 

03 

15.2 

17.06 

— 

.02 

I9SO  7659 

iS  Pegasi  .  . 

5.6 

54 

oS 

3-00 

6 

08 

34.6 

17. II 

+ 

.04 

1981  7660 

28  Aquarii  . 

5-6 

21  54 

57 

+ 

3.07 

0 

or 

45.0 

4-  17.14 

- 

.05 

1982  7662 

19  Pegasi 

5.6 

55 

12 

2.98 

7 

40 

52.7 

17.15 

4- 

.01 

1983  ,  7664 

20  Pegasi 

5.8 

55 

14 

2.92 

12 

32 

46.0 

17.15 

.00 

1984  7676 

Cygni  .  .  . 

5.5 

57 

27 

2.19 

52 

18 

14.5 

17.26 

.00 

*985  7686 

16  Cephei 

5.1 

57 

32 

0.88 

72 

36 

30.9 

17.27 

— 

.19 

1986  7681 

Lacertae  . 

5.8 

58 

06 

2.41 

44 

04 

19.0 

17.29 

.00 

1987  7685 

32  Aquarii  . 

5.6 

58 

37 

3.09 

_  I 

29 

09.2 

17.30 

— 

.03 

1988  7688 

a  Aquarii  . 

3.7 

59 

37 

3.08 

_  0 

54 

08.2 

17.35 

— 

.00 

1989  7689 

V  Pegasi 

4.9 

59 

38 

3-03 

4 

28 

22.1 

17.35 

4- 

.09 

1990  7693 

23  Pegasi 

5.6 

22  00 

09 

2.71 

28 

22 

54.4 

17.37 

+ 

.04 

1991  7699 

18  Cephei 

5.7 

22  00 

*7 

-f- 

1.78 

62 

32 

08.6  1 

1  +  17.38 

1992  7700 

^  Cephei  (2d  *) 

4.5 

00 

*9 

1.74 

64 

02 

36.6 

17.38 

+ 

.08 

1993  7705 

Lacerta;  . 

5.3 

01 

10 

2.40 

44 

25 

49.8 

17.42 

— 

.  10 

1 

1994  7707 

20  Cephei 

5.7 

01 

22 

1.82 

62 

12 

00.8 

17.42 

+ 

.04 

1 

1995  7706 

1  Pegasi 

4.0 

01 

25 

2.79 

24 

45 

34.5 

17.43 

+ 

.02 

1996  7708 

19  Cephei 

5.6 

01 

28 

1.87 

61 

41 

46.3 

17.43 

— 

.02 

*997  7712 

25  Pegasi  .  . 

5.6 

02 

12 

2.82 

1 

07 

09.7 

17.46 

— 

.01 

I99S  772* 

TT  Pegasi  (pr.)  . 

5.5 

03 

55 

2.65 

32 

35 

13.3 

17.53 

— 

.03 

;  1999  7723 

^  Pegasi 

3-7 

04 

09 

3.03 

5 

36 

29.6  1 

1  17.55 

.05 

,13, 

rc  Pegasi  (sq.)  . 

4.1 

04 

39 

2.66 

32 

35 

24.5 

1  17.56 

4- 

.03 
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CATALOGUE  OF  STARS  FOR  OBSERVATIONS  OF  LATITUDE. 


No. 

B.  A.C. 

Constellation. 

Mag. 

A. 

R.  1880. 

Annual 

Variation. 

Declination 

1880. 

Annual 

Precession. 

Proper 

Motion. 

b. 

m. 

s. 

s. 

0 

$ 

r. 

tt 

2001* 

.  . 

Pegasi 

6.0 

22 

04 

8 

4- 

2.95 

II 

02 

.... 

+ 

17-57 

... 

2002 

7733 

28 

Pegasi 

• 

5-8 

04 

50 

2.83 

20 

23 

19.8 

17.57 

.00 

2003 

7746 

LacertJE 

5*5 

06 

30 

2.31 

50 

13 

50.3 

17.64 

.00 

2004 

7749 

C 

Cephei 

• 

3*6 

06 

41 

2.07 

57 

36 

35.5 

17.65 

- 

.01 

2005 

7755 

7i 

Cephei 

. 

5.4 

07 

26 

2.03 

58 

49 

21.3 

17.68 

— 

.04 

2006 

7754 

Cephei 

5.8 

07 

29 

2.15 

56 

14 

35.1 

17.69 

+ 

.  16 

2007 

7753 

Pegasi 

5.5 

07 

29 

2.66 

34 

00 

47.6 

17.69 

— 

.  10 

2008 

7758 

24 

Cephei 

5.0 

07 

30 

1 . 16 

7' 

44 

59.8 

17.69 

- 

.03 

200g 

7760 

Cephei 

5.7 

07 

54 

1.39 

69 

32 

24.4 

17.70 

4- 

.08 

2010 

7759 

Cephei 

5-5 

08 

04 

1.98 

60 

09 

56.0 

17.71 

2011 

77^5 

Lacertae 

4.8 

22 

08 

44 

+ 

2.58 

39 

07 

07.8 

4- 

17.74 

- 

.16 

2012 

.  . 

Lacertae 

5.8 

08 

53 

2.45 

44 

50 

44.5 

17.74 

... 

2013 

7770 

Lacertae 

5.8 

09 

41. 

2.51 

'42 

21 

33-8 

17.77 

.00 

2OT4 

7778 

E 

Cephei 

4-7 

10 

37 

2.20 

56 

26 

29.8 

17.81 

.02 

2015 

7777 

I 

Lacertae 

4.6 

10 

44 

2.61 

37 

09 

06.4 

17.81 

4- 

.02 

2016 

7789 

25 

Cephei 

6.1 

14 

17 

1.94 

62 

12 

10.5 

17.96 

.00 

2017 

7796 

31 

Pegasi 

51 

15 

37 

2.95 

IT 

36 

04.2 

18.01 

4- 

.04 

2018 

7798 

32 

Pegasi 

4.8 

15 

47 

2.76 

27 

43 

36.2 

18.02 

h 

.01 

20ig 

7800 

2 

Lacertae 

4.8 

16 

04 

2.47 

45 

55 

57.9 

18.03 

4- 

.02 

2020 

7807 

33 

Pegasi 

6. 1 

17 

53 

2.89 

20 

14 

32.2 

18.10 

— 

.02 

2021 

78C5 

3 

Lacertae 

4.7 

22 

18 

5X 

2.35 

51 

37 

41.0 

+ 

18.13 

_ 

.21 

2022 

7814 

IT 

Aquarii 

4-5 

19 

09 

3.06 

0 

46 

08.3 

18.14 

- 

.01 

2023 

7820 

4 

Lacertae 

4.9 

19 

39 

2.42 

48 

52 

05.6 

18.16 

- 

.02 

2024 

7823 

34 

Pegasi 

5.8 

20 

31 

3.06 

3 

46 

54-6 

18.19 

4- 

.05 

1  2025 

7827 

35 

Pegasi 

5.1  i 

21 

47 

3-04 

4 

05 

41.4 

18.24 

- 

.29 

2026* 

■  ■ 

Lacertae 

i  5.8  1 

22 

2 

2.62 

39 

12 

.... 

18.25 

2027 

7851 

Cephei 

5.0 

22  38 

3.90 

85 

30 

10.9 

18.27 

+ 

.04 

2028*, 

Cephei 

5.6  1 

22.7 

1-55 

70 

09 

.... 

18.27 

2029 

7832 

c 

Aquarii 

3.9 

22 

39 

3.09 

—  0 

38 

00.2 

18.27 

4- 

.03 

1  2030 

7833 

36 

Pegasi 

5.7 

23 

09 

3.00 

8 

31 

00.8 

18.29 

— 

.01 

2031 

7837 

26 

Cephei 

5.7 

1  22 

23 

14 

+ 

1.92 

64 

31 

12.8 

+ 

18.29 

- 

.04 

j  2032* 

Pegasi 

5.5 

23 

5 

2.80 

1  26 

1 

09 

.... 

18.30 

.  .  . 

2033  1 

7845 

5 

Lacertae 

4*5 

24 

32 

2.50 

47 

05 

35.3 

18.34 

4- 

.01 

2034 

7843 

38 

Pegasi 

5.4 

24 

33 

2.74 

3^ 

57 

33-5 

18.34 

4- 

.11 

2035 

7848 

6 

Cephei 

var.  3.8-4.7 

24 

43 

2.21 

57 

48 

04.1 

18.34 

- 

.02 

2036 

7850 

6 

Lacertae 

4.9 

1 

25 

18 

2.57 

42 

30 

31.5 

18.37 

.00 

2037 

7857 

28 

Cephei 

5.9 

25 

47 

0.52 

1  73 

10 

26.4 

18.38 

- 

.06 

2038 

785s 

7 

Lacertae 

4.0 

26 

21 

2.46 

1  49 

39 

56.1 

18.40 

- 

.01 

2039 

7874 

P 

Cephei 

1  5.9 

28 

48 

0.59 

1  78 

12 

30.1 

18.48 

- 

.03 

2040 

7868 

V 

Aquarii 

4.0 

29 

II 

3.08 

i 

—  0 

44 

07.8 

18.50 

- 

•  06 

2041 

7876 

Cephei 

6.0 

22 

29 

34 

4- 

1.73 

69 

17 

34.6 

+ 

18.51 

4- 

.23 

2042 

7881 

Cephei 

5-4 

30 

10 

I .  II 

75 

36 

28.5 

18. S3 

- 

.01 

2043 

7880 

8 

Lacertae  (2d 

*) 

5.3 

30 

32 

2.66 

39 

00 

48.9 

*8.54 

- 

.02 

2044 

7888 

9 

Lacertae 

5.3 

32 

27 

2.46 

50 

55 

34.7 

18.61 

- 

.08 

2045 

7896 

31 

Cephei 

5.3 

32 

49 

1.49 

73 

01 

13.5 

18.62 

.04 

2046 

7893 

40 

Pegasi 

5.8 

33 

04 

2.90 

,  ^8 

54 

07.0 

18.63 

- 

.07 

2047 

7901 

10 

Lacertae 

4.9 

33 

53 

2.68 

38 

25 

34.2 

18.65 

4- 

.02 

2048  1 

Cephei 

5.8 

33 

55 

2.34 

56 

10 

21.8 

18.65 

1  2049* 

Lacertae 

5.8 

34 

2 

2.70 

36 

58 

.... 

18.66 

1  2050 

j  7902 

30 

Cephei 

5*3 

34 

24 

1 

2.  II 

62 

57 

38.9 

18.67 

— 

.02 
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CATALOGUE  OF  STARS  FOR  OBSERVATIONS  OF  LATITUDE. 


No. 

3. 

Constellation. 

Mag. 

A.  R.  18S0. 

Annual 

Variation. 

Declination 

18S0. 

Annual 

Precession. 

Proper 

Motion. 

•h.  m.  s. 

s. 

0  /  n 

// 

n 

2051 

•  • 

Pegasi . 

5.7 

22  34  55 

+  2.95 

13  55  02.7 

+  18.69 

... 

]  2052 

7906 

1 1  Lacertae . 

4.6 

35  15 

2.62 

43  39  01 -0 

18.70 

.00 

1  2053 

•  . 

Lacertae . 

5-8 

35  26 

2.42 

53  13  14.7 

18.70 

1  2054 

7908 

C  Pegasi . 

3-5 

35  29 

2.99 

10  12  19.8 

18.71 

.00 

{ 2055 

79*5 

1 2  Lacertae . 

5.4 

36  06 

2.68 

39  35  55.9 

18.72 

—  .01 

’  2056 

7914  j 

0  Pegasi . 

4.6 

36  08 

2.81 

28  40  54.4 

18.72 

—  .01 

'  2057 

7923  ' 

7  Pegasi . 

3.1 

37  22 

2.81 

29  35  39*2 

18.76 

—  .01 

i  2058 

•  •  1 

D.  M.  53%  2960  .  .  . 

5.8 

37  26 

2.44 

53  5«.7 

18.76 

2059 

7932 

13  Lacertae . 

5.3 

33  45 

2.67 

41  II  24.0 

18.80 

4-  .02 

j  2060 

7943 

^  Pegasi . 

4.6 

40  42 

2.99 

II  33  28.9 

18.86 

-  .49 

1  2061 

7945 

A  Pegasi . 

3.9 

22  40  45 

+  2.88 

22  56  04.9 

+  18.87 

+  .02 

2062 

1  7948 

Lacertae . 

6.0 

40  50 

2.63 

43  54  49-1 

18.87 

.00 

2063 

.  . 

D.  M.  36%  4934  .  .  . 

5.8 

42  41 

2.74 

36  47  09.7 

18.92 

:  2064 

i  •  • 

Lacertae . 

6.0 

43  49 

2.47 

53  46  51.0 

18.95 

'  2065 

1  .  . 

Cephei . 

6.0 

44  13 

2.24 

62  18  21.4 

18.97 

.00 

2066 

1  7958 

(M  Pegasi . 

3.8 

44  13 

2.88 

23  58  06.3 

18.97 

-  .04 

2067 

1  701 

D-  M,  55®,  2820  . 

5.7 

44  49 

2.45 

55  15  58.3 

18.98 

.00 

2068 

707 

L  Cephei . 

3.6 

45  25 

2.12 

65  34  09.6 

19.00 

-  .14 

2069 

1  797: 

a  Pegasi . 

4.9 

46  19 

3-05 

9  II  51.8 

19.02 

+  .06 

2070 

7972 

15  Lacertae . 

5-1 

46  37 

2.69 

42  40  29.4 

19.03 

.00 

2071 

;  7973 

Cephei . 

5.8 

22  46  41 

+  2.31 

61  03  32.8 

+  19-04 

4-  .07 

2072 

^  7975 

1  Pegasi . 

5.4 

47  08 

2.95 

16  12  18.2 

19.05 

—  .01 

2073 

1  7990 

'  Cephei . 

4.9 

47  54 

—  0.07 

82  31  01.7 

19.07 

-t-  .07 

2074 

'  7983 

1  Lacertae . 

6.0 

48  18 

+  2.67 

44  06  41.5 

19.08 

.(X) 

2075 

i  7984 

Lacertae . 

1 

5.7 

48  36 

2.73 

39  44  14-4 

'  19.09 

.00 

2076 

7988 

J  p  Pegasi . 

4.8 

49  II 

3.02 

8  10  35.9 

19.10 

+  .05 

2077 

ft! 

1  *  • 

Lacertae  .  .  .  .  .  1 

5.7 

49-5 

2.77 

36  27  .... 

19. II 

. . . 

207S*  .  . 

Lacertae . 

5.8 

50.09 

2.78 

35  42  39-8 

19-13 

... 

2079 

!  7995 

Lacertae . 

5.1 

51  10 

2.61 

49  05  35.3 

1913 

.00 

20S0 

7997 

51  Pegasi . 

5.3 

51  34 

2.95 

20  07  33.2 

19.14 

4-  .07 

20dl 

1  7999 

1  Lacertae . 

5-4 

22  51  46 

+  2.63 

48  02  36.1 

1  +  19.17 

.00 

2082 

8005 

1  2  Piscium . 

5.8 

53  18 

3.08 

0  19  20.3 

1  19-21 

—  .12 

2083 

D.  M.  51%  3514  .  •  . 

5.8 

53  59 

2.59 

52  00  37.3 

19.23 

.00 

2084 

* 

D.  M.  30®,  4859  . 

5.8 

55.0 

2.85 

30  27  .... 

1  19-25 

2085 

* 

D.  M.  56”,  2923  . 

5.8 

55.1 

2.51 

56  18  .... 

1  19-25 

. . . 

2086 

1  £026 

'  Cephei . 

50 

55  19 

—  0.23 

83  42  14.7 

1  19.26 

+  .05 

20S7 

8023 

0  Andromedae  .... 

3.8 

56  24 

+  2.75 

41  40  54.4 

19.28 

4-  .03 

2088 

D.  M.  22®,  4762  .  .  . 

5.8 

56.5 

2.92 

22  40  ... . 

19.29 

20S9 

j  8031 

^  Piscium . 

4.6 

57  46 

3.05 

3  10  26.9 

1  19.32 

—  .02 

2090 

8032 

(3  Pegasi . 

var.  2. 5-2.8 

57  57 

2.90 

j  27  25  56.3 

19-32 

+  .15 

2091 

'  8034 

a  Pegasi . 

2.4 

22  58  47 

+  2.99 

14  33  36.5 

+  19-34 

—  .02 

2092 

1  8036 

3  Andromedae  .... 

4.7 

58  48 

2.68 

492359-1 

19-34 

4-  .12 

2093 

8039 

Cephei . 

5.3 

58  59 

2.26 

j  66  33  45.0 

19-35 

4-  .04 

1 

8051 

55  Pegasi . 

5.0 

23  00  58 

3.03 

8  45  42.9 

19.39 

4-  .01 

2095 

8052 

56  Pegasi  ..... 

5.1 

01  16 

2.92 

24  49  15.5 

19.40 

-  .03 

2096 

8054 

I  Cassiopex  .... 

5.0 

01  33 

2.52 

1  58  46  17.0 

19.40 

—  .01 

2097 

.  . 

D.  M.  52®,  3371  .  . 

5.4 

01  51 

2.63 

52  10  02.4 

19-41 

2098 

8058 

4  Andromedx  .... 

5.4 

02  10 

2.73 

45  44  22.0 

19.42 

-  .03 

1  ^  1 

8059 

5  Andromedx  .... 

5-7 

02  19 

2.71  , 

48  38  32.2 

19.42 

+  .13 

2100  ' 

;  1 

8060 

A  Piscium . 

5.6 

02  32  ; 

3.07 

I  28  29.6 

19.42 

f  .10 
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No. 

B.  A.C. 

Constellation. 

Mag. 

A.  R. 1880. 

Annual 

Variation. 

Declination 

1880. 

Annual 

Precession. 

Proper 

Motion. 

h.  m.  s. 

s. 

• 

f 

// 

It 

/# 

2101 

8070 

57 

Pc.c:asi 

5-3 

23  03  28 

4- 

3-03 

8 

01 

37.3 

19-45 

+ 

.01 

2102 

8071 

58 

Pegasi 

5-3 

03  59 

3.02 

9 

10 

19.4 

19.46 

.04 

2103 

8074 

n- 

Cephei 

4.6 

04  05 

1.89 

74 

44 

19.2 

19.46 

— 

.04 

2104 

.  . 

Pegasi 

5.7 

04  45 

2.97 

16 

56 

42.1 

19.47 

... 

2105 

8076 

6 

Andromedae  . 

6.0 

04  55 

2.76 

42 

54 

00.7 

19.48 

— 

.14 

2106 

8078 

59 

Pegasi 

5.4 

05  41 

3.03 

8 

04 

08.0 

19.49 

.01 

2107 

8082 

7 

Andromedae  . 

4.8 

07  03 

2.73 

48 

45 

02.9 

19.52 

.08 

2108 

8083 

Cassiopeae 

5.8 

07  30 

2.86 

56 

30 

20.8 

19.53 

-h 

.28 

2109 

8105 

y 

Piscium  . 

3.9 

10  57 

3. II 

2 

37 

35.8 

19.60 

— 

.01 

2110 

8106 

Cephei 

5.6 

11  00 

2.28 

70 

14 

01. 0 

19.60 

— 

.01 

2111 

8107 

Andromedx  . 

5.5 

23  II  14 

4- 

2.70 

52 

33 

58.6 

+ 

19.60 

- 

.28 

2112 

8114 

8 

Andromedae  . 

4.9 

12  II 

2.76 

48 

21 

35.4 

19.62 

.00 

2113 

8124 

0 

Cephei 

5.1 

13  42 

2.44 

67 

27 

17.5 

19.64 

- 

.02 

2114 

8125 

11 

Andromedae  . 

5.5 

13  55 

2.78 

47 

58 

01. 1 

19.65 

+ 

.03 

2115 

8128 

10 

Andromedae  . 

5.9 

14  10 

2.85 

41 

25 

18.4 

19.65 

4- 

.05 

2116 

8127 

b 

Piscium  . 

5.4 

14  14 

3.06 

4 

43 

35-& 

19.65 

- 

.04 

2117 

8131 

T 

Pegasi 

4.8 

14  42 

2.96 

23 

05 

01.5 

19.66 

- 

.01 

2118 

8136 

12 

Andromedae  . 

5.8 

15  06 

2.89 

37 

31 

39*5 

19.67 

- 

.05 

2119 

8138 

Cassiopeae 

5.8 

15  20 

2.59 

61 

33 

24.2 

19,67 

.04 

2120 

8141 

64 

Pegasi 

5.7 

16  04 

2.92 

31 

09 

18.7 

19.68 

.02 

2121 

8149 

66 

Pegasi 

5.3 

23  17  01 

4- 

3.02 

II 

39 

24.6 

+ 

19.70 

.03 

2122 

8153 

Cassiopex  (sq.) 

6. 1 

17  12 

2.65 

59 

28 

32.6 

19.70 

+ 

.01 

2123 

8159 

67 

Pegasi 

5.8 

18  58 

2.93 

31 

43 

33*9 

19.73 

.00 

2124 

8160 

V 

Pegasi 

4.5 

19  23 

2.99 

22 

44 

37.9 

19.74 

+ 

.07 

2125 

8162 

4 

Cassiopex 

5.3 

1  31 

2.64 

61 

37 

27.4 

19.74 

4- 

.02 

2126 

8169 

K 

Piscium  . 

5.3 

1  20  47 

3.08 

0 

35 

55.0 

19.76 

- 

.12 

2127 

8177 

Piscium  . 

4.6 

'  21  53 

3-04 

5 

43 

13.0 

19.78 

- 

.03 

2128 

8182 

70 

Pegasi 

4.8 

23  05 

3.03 

12 

05 

55.6 

19.79 

4- 

.06 

2129 

8188 

Cassiopex  . 

• 

5.5 

24  30 

2.76 

57 

53 

15-5 

19.81 

4- 

.02 

2130 

8195 

14 

Andromedx  . 

5.6 

1  25  23 

2.94 

!  38 

34 

38.2 

19.82 

- 

.05 

2131* 

.  . 

Pegasi 

6.0 

23  25.5. 

4- 

2.96 

28 

00 

.... 

+ 

19.82 

.  .  . 

2132  1 

8203 

71 

Pegasi 

5.6  i 

27  28 

3.00 

21 

50 

13.0 

19.85 

- 

.02 

2133* 

Pegasi 

5.8 

27.9 

3.00 

20 

II 

.... 

19.85 

2I3-) 

8213 

Cephei 

6.0 

27  50 

- 

0.04 

86 

38 

43.4 

19.85 

.00 

2135 

8206 

72 

Pegasi 

5.1 

28  00 

4- 

2.96 

1  30 

39 

46.8 

19.86 

- 

.02 

2136 

8211 

73 

Pegasi 

5.9 

28  42 

2.96 

32 

50 

02.3 

19.86 

4- 

.06 

2137 

8212 

15 

Andromedx  . 

5.8 

28  45 

2.92 

39 

34 

30.5 

19.86 

- 

.03 

2138 

8217 

Cephei 

6.0 

29  46 

2.56 

70 

58 

44.0 

19.88 

s- 

.01 

2139 

8224  , 

Andromedx  . 

3.9 

31  42 

2.92 

45 

48 

29-3 

i 

19.90 

- 

.39 

2140 

8227 

75 

Pegasi 

1 

5.5 

31  53 

3.02 

17 

44 

10.2 

19.90 

4- 

.07 

2141 

8229 

i 

Andromedx  . 

1 

4.4 

23  32  15 

+ 

2.92 

42 

36 

14. 1 

19.91 

4- 

.02 

2142 

8231 

18 

Andromedx  . 

5.5 

33  20 

2.89 

49 

48 

25-4 

! 

19.92 

- 

.02 

2143 

8234 

Pegasi 

5.8 

33  49 

3.06 

9 

00 

46.2 

19.92 

- 

.03 

2144 

8233 

i 

Piscium  . 

4-3 

33  47 

3.08 

4 

58 

32.7 

19.92 

- 

.45 

2145 

. . 

Cephei 

5.8 

34  08 

2.56 

73 

20 

15.2 

19.93 

.00 

2146 

8238 

y 

Cephei 

3-5 

34  26 

2.40 

76 

57 

45.5 

19.93 

4- 

.15 

2147 

8237 

K 

Andromedx  . 

4.4 

34  30 

2.93 

43 

40 

12.0 

19.93 

4- 

.02 

2148* 

Andromedx  . 

6.0 

34.7 

2.96 

36 

03 

.... 

19.93 

.  .  . 

2149 

8243 

?i 

Piscium  . 

4.7 

35  55 

3.06 

I 

07 

10. 0 

19.94 

- 

.17 

2150 

D.  M.  63®,  2038 

5.8 

3b  41 

2.78 

63 

51 

00.2 

19.95 

... 
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No.  j 

B.  A.  C. 

Constellation. 

Mag. 

A.  R.  1880. 

Annual 

Variation. 

Declination 

1880. 

Annual 

Precession. 

Proper 

Motion. 

2X51 

8250 

77 

Pegasi  .... 

5*1 

h.  m.  s. 

23  37  16 

s. 

+  3-05 

Of  ff 

9  39  55.8 

It 

+  19.95 

ff 

.00 

2152 

8256 

78  Pegasi  .... 

5.0 

37  57 

3.01 

28  41  50.1 

19.96 

+  .01 

2153 

8261 

i' 

Andromedae  . 

5.1 

40  05 

a. 95 

45  45  »4.8 

19.98 

—  .01 

»I54* 

.  . 

Cassiopeae 

6.0 

41.2 

2.90 

56  47  .... 

19.98 

. . . 

2155  1 

8268 

r 

Cassiopeae 

5.1 

41  12 

2.90 

57  59  01-2 

19.98 

“h  •  06 

2156 

8273 

Cephei  .... 

5.3 

42  II 

2.83 

67  08  24.5 

19.99 

—  .01 

2157 

8379 

6 

Cassiopeae 

5.8 

43  00 

2.88 

61  32  53.0 

20.00 

+  .04 

3158* 

•  • 

Andromedas  .  . 

5.7 

43-6 

3.00 

35  46  .... 

20.00 

. . . 

2159 

8296 

Pegasi  .... 

5.5 

46  18 

3.04 

21  00  14. I 

20.02 

+  .02 

2160 

8299 

0 

Pegasi  .... 

5.2 

46  33 

3.04 

18  27  14.9 

20.02 

+  .01 

2161 

8300 

82 

Pegasi  .... 

5.7 

23  46  30 

+  3-o6 

10  16  46.4 

+  20.02 

-  .04 

2162 

8310 

P 

Cassiopeae  . 

4.7 

48  24 

2.96 

56  49  55.6 

20.03 

—  .01 

2163* 

D.  M.  46*,  4214  . 

5.7 

49  30 

3.00 

46  4X  17.5 

20.03 

. . . 

2164* 

1 

Pegasi  .... 

5.8 

50.6 

3*05 

21  59  .••• 

20.04 

. . . 

2165 

8321 

Cephei  .... 

6.0 

50  51 

2.68 

82  31  21.3 

20.04 

-  .04 

2166 

.  . 

Andromedae  . 

5.8 

50  59 

3.02 

41  59  25.6 

20.04 

. . . 

2167 

8322 

Cassiopeae 

5.8 

51  06 

3.00 

55  02  16.9 

20.04 

-  .05 

2168 

I  8324 

if 

Pegasi  .... 

4.4 

51  39 

3.05 

24  28  28.9 

20.04 

—  .01 

2169 

8330 

<T 

Cassiopeae 

4.8 

52  55 

3.01 

55  05  13.5 

20.04 

—  .02 

2170 

8331 

L) 

Piscium  .... 

4.2 

53  09 

3.08 

6  II  55.9 

20.04 

-  .13 

2171* 

’  .  . 

Andromedae  . 

5.7 

23  53.4 

•+■  3.05 

33  04  .... 

+  20.04 

. . . 

2172* 

► 

D.  M.44®,  4538  .  . 

5.8 

54-6 

3.03 

44  35  . . .  . 

20.05 

.  .  . 

2173 

1  8344 

Cassiopeae  .  .  . 

6.0 

55  30 

3.02 

60  33  16,2 

20.05 

—  .01 

2174* 

D.  M.  16®,  5034  .  . 

5.8 

57.1 

3.07 

16  52 _ 

20.05 

. .  . 

3175 

1  8359 

9 

Cassiopeae  . 

5.5 

58  03 

3.05 

61  37  10.8 

20.05 

+  .02 

3176 

.  . 

D.  M.4i®,4923  .  . 

6.4 

58  27 

3.06 

41  25  31.0 

20.05 

'  »I77 

.  . 

Cephei  .... 

5.8 

58  28 

3.04 

66  29  49.8 

20.05 

. . . 

1  2178 

8366 

Cassiopeae  .  . 

5.8 

58  54 

3.06 

60  38  43.7 

20.05 

. .  . 

!  2179 

8370 

1 

86 

Pegasi  .... 

5.5 

59  32 

3.07 

12  43  43.2 

20.05 

+  .04 

S.  Ex.  37 - 17 
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APPENDIX  No.  8. 

METHODS  OF  REGISTERING  TIDAL  OBSERVATIONS,  BY  R.  S.  AVERY. 

The  method  proper  for  observing  and  recording  tidal  observations  at  any  place  depends  upon 
the  character  of  the  tides  there,  and  the  amount  of  rise  and  fall.  In  general,  all  tidal  changes  that 
occur  by  day  and  by  night  should  be  observed  during  a  lunation,  or  a  certain  number  of  lunations, 
or,  preferably,  during  an  entire  lunar  declination  period.  Day-tides  alone  will  not  suffice  for  estab¬ 
lishing  correct  tide-levels,  unless  the  night-tides  at  the  same  place  are  alike,  nor  in  any  case  in 
which  only  one  well-definexi  high  water  occurs  in  twenty-four  hours.  For  close  investigations  a 
record  showing  only  time  and  height  for  successive  tides  is  insufficient.  At  places  distant  from  the 
sea  the  time  of  transmission  is  less  for  a  large  tide  than  for  a  small  one ;  hence  the  importance  of 
knowing  the  range  of  tides  in  height,  and  this  necessitates  the  observation  of  both  high  and  low 
waters.  As  nothing  short  of  incessant  personal  attention  on  the  part  of  the  observer  could  main¬ 
tain  the  continuity  desirable  in  the  record,  the  utility  of  the  apparatus  to  represent  graphically  all 
the  peculiarities  of  each  successive  tide  for  a  given  period  is  obvious.  The  devices  for  such  pur¬ 
pose  are  called  self-registering  tide-gauges^  but  as  the  aim  of  this  paper  is  to  note  also  the  most  ready 
and  least  expensive  ways  for  securing  reliable  observations,  the  principle  and  method  of  using  the 
self-registering  gauge  will  be  described  further  on.  The  staff-gauge  will  be  mentioned  first,  but,  as 
preliminary  to  any  record  of  height,  attention  must  be  given  to  what  immediately  follows. 

BENCH-MARKS. 

Whatever  method  for  observing  tides  may  be  adopted,  it  is  very  important  to  have  one  or  more 
marks  on  a  permanent  bench  of  rock  or  other  durable  basis  near  the  tide-gauge,  and  to  know,  by 
leveling,  the  exact  height  of  the  marks  above  the  zero  of  the  tide-gauge.  Bench-marks  are  made 
by  drilling  holes  horizontal!}*  in  rock,  in  the  wall  of  a  light  house,  fort,  or  other  stone  or  brick 
structure ;  or  the  top  of  a  rock  or  top  or  bottom  of  a  stone  step  may  be  taken,  or  the  door  or  win¬ 
dow  sill  of  any  adjacent  building  likely  to  be  permanent.  In  the  absence  of  such  facilities  in  any 
vicinity  a  bench-mark  may  be  made  on  a  block  of  stone  and  buried  out  of  sight.  The  position  of 
the  mark  should  be  described  in  the  record  for  identification,  and  of  course  its  height  above  the  zero 
of  the  tide  staff  or  gauge.  Any  series  of  observations  recorded  with  reference  to  a  zero  at  a  given 
distance  below  the  permanent  bench-mark  can  be  reailily  repeate<l  years  after  the  removal  of  the 
tide-gauge ;  hence  the  importance  of  care  in  regard  to  the  permanence  and  identification  of  bench¬ 
marks. 

TIDE-GAUGES. 

Near  the  open  sea,  where  the  violence  of  the  waves  will  never  admit  of  precise  or  continuous 
observations,  the  tidal  record  must  be  made  by  protecting  the  reading-scale  or  indicator.  This  is 
done  by  fixing  upright,  in  a  convenient  place,  a  wooden  box  or  tube,  near  the  bottom  of  which  the 
water  may  enter  by  an  opening,  quite  small  if  the  station  is  near  the  sea,  but  the  proper  size  of  the 
hole  can  be  readily  determined  in  any  case  by  trial.  Tides  in  harbors  have  been  well  determined  when 
the  sectional  area  of  the  hole  for  admitting  water  near  the  bottom  of  the  float  was  to  of 
that  of  the  box  itself,  the  lower  end  of  the  box  being  from  3  to  6  feet  below  the  level  of  the  lowest 
low  waters.  The  stability  of  the  box,  and  quiet  water  inside  of  it  for  the  float  to  rest  on,  are  the  con¬ 
ditions  to  be  sought  in  the  construction  and  setting  up  of  the  box  for  operations.  The  orifice  should 
be  such  as  to  render  barely  sensible  the  effect  of  ordinary  wind-waves,  and  yet  allow  the  registra¬ 
tion  of  waves  of  longer  duration.  A  very  small  hole  suffices  for  this;  but  if  too  small,  the  record 
will  be  inaccurate.  Earthquake- waves  lasting  twenty  or  thirty  minutes  have  been  well  recorded  by 
self-registering  tide-gauges  in  the  care  of  observers  who  had  learned  by  experience  the  proper 
method  of  admitting  the  water  into  the  fioat-box. 
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SUx^f  gauge. — ^The  common  way  of  measuring  tides  is  by  means  of  a  staff  made  of  wood,  an 
inch  or  more  thick,  four  inches  or  more  in  width,  and  at  least  three  or  four  feet  longer  than  the  ver¬ 
tical  rise  and  fall  of  the  tides  at  the  place  of  observation.  Starting  with  zero  always  below  the 
level  of  the  lowest  water  to  be  observed  at  the  station,  one  face  of  the  staff  is  dirided  and  numbered 
upward  in  feet  and  tenths,  so  that  the  numbers  increase  with  the  rise  of  the  tide.  The  staff  should 
be  firmly  fixed,  and,  if  ten  feet  long,  it  should  be  at  least  six  inches  wide.  The  wooden  staff  will 
suffice  for  a  season,  but  thick  sheet-iron  strips  bearing  the  graduation  in  porcelain,  and  fastened  to 
a  plank,  will  be  found  serviceable  during  seven  or  eight  successive  years. 

The  staff-gauge  answers  well  in  harbors  where  the  water  is  still  enough  to  allow  of  reading  the 
graduation  with  accuracy,  and  especially  where  only  a  shori  series  of  observations  are  required. 
But,  if  the  water  is  even  a  little  rough,  a  valuable  attachment  to  the  staff  is  a  glass  tube  of  half  an 
inch  or  more  in  diameter,  furnished  with  a  colored  float,  which  may  be  either  a  bubble  of  red  glass 
or  a  few  drops  of  tinted  oil.  The  tube  needs  to  be  attached  ;*to  the  graduated  face  of  the  staff  so 
that  the  tube  may  not  slip.  If  the  rise  and  fall  is  considerable,  several  pieces  of  glass  tube  may  be 
attached  to  the  same  staff,  if  the  tube-ends  are  properly  joined  by  short  rings  of  India  rubber. 
Being  in  principle  like  the  float-box  already'described,  the  glass  tubing  must  be  extended  well 
under  the  level  of  low- water,  and  the  lower  end  of  the  tube  should  be  stoppered,  so  as  to  subject 
only  one-eighth  or  one-tenth  of  the  sectional  area  of  the  tube  to  tidal  action.  This  device,  of  course, 
will  not  avail  at  times  when  ice  forms  readily. 

Box-gauge. — Having  a  float-box  about  six  inches  square,  stoutly  made  and  firmly  secured  in 
place,  and  of  length  suitable  to  the  average  rise  of  the  tide,  the  construction  will  be  complete  if  the 
lower  end  of  the  box  is  fiinnel-shaped,  so  as  to  admit^the  water  by  a  hole  about  six-tenths  of  an 
inch  in  diameter.  The  open  pointed  end  makes  the  accumulation  of  mud  or  sand  in  the  lower  part 
of  the  box  impossible.  Within  the  box  is  placed  a  cylindrical  water-tight  float  of  sheet-copper 
about  five  inches  in  diameter  and  somewhat  less  in  height.  The  top  of  the  float  bears  a  socket,  in 
which  is  inserted  a  light  graduated  staff  numbered  in  feet  and  tenths  from  above  downward,  and 
the  staff  is  to  move  freely  up  and  down  through  a  hole  in  the  square  board  that  covers  the  top  of 
the  box,  above  which  all  the  graduation  on  the  tide-staff  is  to  be  read  off  by  the  observer.  For 
that  purpose  a  mark  called  the  reading-point  is  to  be  firmly  fixed  at  the  top  near  the  staff,  so  that 
the  observer  may  conveniently  note  the  divisions  on  the  staff  as  they  pass  the  reading-point.  That 
point  must  remain  fixed  during  the  series  of  observations,  and  to  insure  this  it  must  be  referred  to 
some  unchangeable  bench-mark  by  levelings  in  advance  of  beginning  the  tidal  record.  The  dis¬ 
tance  from  the  water-line  on  the  copper  float  to  the  lowest  division  or  zero  on  the  staff  should  be 
recorded,  to  enable  the  computer  to  reduce  all  the  measurements  to  the  bench-mark,  and  the  dis¬ 
tance  should  be  remeasured,  and  the  result  noted,  if,  by  any  accident,  or  increase  of  weight  in  the 
graduated  stick  by  the  absorption  of  water,  the  water-line  on  the  float  changes  while  the  series  of 
observations  is  in  progress. 

In  some  places  submerged  weeds  may  interfere  with  the  upward  rise  of  water  through  the 
bottom  of  the  float-box ;  hence  the  outside  of  the  box  should  be  marked  in  feet  and  tenths,  and 
comparison  made  occasionally  between  the  outside  reading  and  that  given  for  the  same  tide  in  time 
and  height  by  the  graduated  rod  of  the  float. 

Instead  of  a  graduated  rod,  metallic  tape  may  be  substituted,  of  the  kind  used  by  surveyors. 
The  tape  is  wound  on  a  wheel  five  or  six  inches  in  diameter,  the  axle  of  which  carries  a  pulley  to 
receive  the  cord  that  has  at  one  end  the  float,  and  at  the  other  a  weight  to  counterjjoise  the  float. 
Among  several  ways  in  which  this  apparatus  may  be  arranged  for  reading,  it  has  been  found  con¬ 
venient  to  divide  the  tape  in  feet  only,  and  fix  up  near  it  over  the  box  a  rod  one  foot  long  subdi¬ 
vided  into  tenths  and  hundredths  of  a  foot.  Then,  by  carefully  adjusting  all  parts  of  the  apparatus, 
the  height  of  the  tide  can  easily  be  read  to  the  nearest  hundredth.  So  arranged,  the  lower  end  of 

the  tape  increasing  downward  so  that 

notice,  other  expedients  suited  to  the 
The  graduated  rod,  or  tape,  has  been 
thus  showing  the  height  for  the  last 


this  scale  will  be  the  fixed  or  reading-pointy  the  numbers  on 
the  least  numbers  correspond  to  low  waters. 

In  connection  with  the  form  of  tide-gjiuge  now  under 
circumstances  of  the  place  will  readily  suggest  themselves, 
made  so  as  to  move  slides  on  a  scale,  or  pointers  on  a  dial. 
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high  and  last  low  water.  At  intervals  subsequently  the  observer  reads  his  gauge  and  notes  down 
the  heights  in  his  record,  but  of  course  has  no  record  of  the  time  of  either  high  water  or  low  water. 

At  stations  exposed  to  the  roughness  of  the  open  sea,  a  good  method  for  recording  the  tides 
wae  devised  some  years  ago,  and  will  be  found  described  in  the  Coast  Survey  Eeport  for  1854.  Sev¬ 
eral  modifications  of  this  mode  have  been  in  practice. 

Apparatus  for  recording  the  tides  by  noting  the  changes  in  barometric  pressure  will  be  found 
described  in  the  Coast  Survey  Eeport  for  1858,  but  as  that  and  each  of  the  methods  so  far  men¬ 
tioned  include  no  provision  for  conveniently  recording  the  time  of  high  and  low  water,  much  less 
the  state  of  the  tide  at  intermediate  periods,  the  method  which  has  been  for  some  years  employed 
at  the  permanent  tidal  stations  of  the  Coast  Suiwey  will  be  now  described,  after  a  few  remarks  on 
the  apparatus  used  for  the  observations. 

SELF-REaiSTEBING  TIDE-GAUGES. 

So  far  as  known  to  us,  the  first  instrument  for  automatically  registering  the  tides  was  used  by 
Mr.  Palmer,  an  engineer  on  the  London  docks  in  1831,  since  which  date  several  other  devices  for 
the  same  purpose  have  been  used  in  England,  France,  Holland,  and  elsewhere.  The  first  self¬ 
registering  tide-gauge  used  in  the  United  States  was  in  the  form  devised  by  the  late  Mr.  Joseph 
Saxton  of  the  Office  of  United  States  Weights  and  Measures.  That  apparatus  is  fully  described  in 
the  Coast  Survey  Eeport  for  1853.  The  Saxton  gauges  were  in  use  for  some  years,  but  being  made 
light,  and  timed  by  pendulum-clocks,  breaks  in  the  record  were  likely  to  occur  at  any  station  where 
the  apparatus  could  not  rest  on  a  solid  pier.  For  these,  therefore,  have  been  substituted  two  forms 
of  self-registering  tide-gauges,  one  having  large  cylinders,  designed  by  Mr.  Robert  S.  Avery  of  the 
United  States  Coast  Survey,  Tidal  Division,  and  the  other  is  the  Saxton  gauge  as  improved  by  him, 
retaining  the  three  small  cylinders. 

The  following  description  will  give  an  idea  of  thase  gauges.  Their  general  arrangement  and 
manner  of  working  are  the  same.  They  differ  principally  in  the  manner  in  which  the  record-sheets 
are  adjusted : 

The  float,  which  moves  in  a  float-box  of  the  kiiid  before  described,  is  suspended  by  a  cord 
which  plays  on  a  grooved  wheel  called  the  float-wheel.  This  is  mounted  on  a  steel  axle,  which  is 
free  to  revolve  in  either  direction.  The  cord  of  the  float  is  kept  taut  by  a  counterjioise  of  weight 
sufficient  to  accomplish  this  end  without  danger  of  lifting  the  float,  which  remains  free  to  rise  or  fall 
with  the  tide.  The  counterpoise  is  suspended  by  a  cord  which  plays  on  a  smaller  wheel  clamped 
to  the  axis  of  the  float-wheel.  To  a  small  drum,  also  clamped  to  this  axle,  is  attached  the  chain 
which  moves  the  pencil. 

The  cylinder  bearing  the  record-sheet  is  so  connected  with  a  clock  as  to  make  one  revolu¬ 
tion  in  any  desired  time — generally  twelve  or  twenty-four  hours.  The  co-ordinates  used  in 
reducing  the  tidal  observations  are,  of  course,  time  and  height  of  tide.  The  time  is  given  by  the 
revohing  cylinder  which  moves  with  the  clock.  The  height  of  tide  is  given  by  the  recording-pencil 
in  the  following  manner :  At  each  end  of  the  cylinder  an  arm  supx)orts  a  pulley.  Connecting  these 
two  arms  is  a  track,  along  which  travels  backward  and  forward  the  carriage  of  the  recording-pencil, 
its  motion  being  parallel  to  the  axis  of  the  cylinder.  The  chain  attached  to  the  drum  on  the  axle 
of  the  float- wheel  passes  over  one  of  the  above-mentioned  pulleys,  and  is  fastened  to  one  side  of 
the  pencil-carriage.  To  the  other  side  a  similar  chain  is  attached,  and,  after  leatling  through  the 
opposite  pulley,  a  small  weight  is  fastened  to  it.  As  the  tide  ebbs  and  the  float  falls  the  chain  is 
wound  on  its  drum  and  the  pencil  is  drawn  toward  one  end  of  the  cylinder.  As  the  tide  rises 
the  chain  is  unwound,  and  the  weight  attached  to  the  pencil-carriage  draws  it  in  the  opposite  direc¬ 
tion.  The  linear  value  of  the  quantities  recorded  bear  to  the  actual  rise  and  fall  of  the  tide  the 
ratio  that  the  circumference  of  the  drum  bears  to  that  of  the  float- wheel.  Suitable  scales  for  the 
ready  conversion  of  these  quantities  accompany  the  gauges. 

The  preceding  applies  either  to  Mr.  Avery’s  “  large  cylinder  gauge  ”  or  to  “  Saxton’s  three-cyU 
inder  gauge.”  In  the  arrangement  of  the  record-sheets  they  differ.  In  the  “  large  cylinder-gauge” 
but  one  cylinder  is  in  use  at  a  time.  The  record-sheet  is  passed  around  this,  its  edge>s  brought 
together  and  fastened.  Near  each  end  of  the  cylinder  a  line  is  traced  around  the  drum,  and  the 
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circles  so  formed  are  divided  to  half-hours  or  hours.  Any  hour-line  on  the  sheet  is  found  by  simply 
drawing  a  line  between  the  corresponding  marks  at  the  ends  of  the  drum.  As  the  tide  will  never 
describe  the  same  curve  on  consecutive  days,  the  sheet  may  be  used  through  several  revolutions  of 
the  cylinder ;  but  care  should  be  taken  not  to  let  it  run  so  long  as  to  create  confusion.  These 
gauges  are  g^enerally  provided  with  two  cylinders.  When  the  one  in  the  gauge  is  ready  for  removal, 
the  second  one,  with  a  new  record-sheet,  is  placed  in  position ;  the  first  one  being  taken  out  to  be 
read  at  pleasure. 


The  ^^three-cylinder  gauge’’  is  adapted  for  continuous  record.  The  record-sheet  is  wound  on 
the  first  cy  linder  at  starting,  and  as  the  record  proceeds  it  is  unrolled  from  this  and  rolled  on  the 
thinl  one,  first  passing  over  the  second.  It  is  the  second  cylinder  that  is  connected  with  the  clock. 
At  the  ends  of  the  three  cylinders  are  grooved  wheels,  and  an  endless  band  imparts  the  motion  of 
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the  middle  one  to  the  other  two.  Instead  of  the  graduated  circles  of  the  large-cylinder  gauge,  the 
middle  cylinder  is  furnished  with  needle-points  in  the  corresponding  positions,  the  distance  between 
the  two  sets  being  somewhat  less  than  the  width  of  the  record-sheet.  The  hours  or  half-hours  are 
thus  pricked  into  the  paper.  To  guard  against  error  or  confusion,  the  hour  corresponding  to  par¬ 
ticular  punctures  should  be  written  in  pencil  on  the  eelge  of  the  sheet  at  least  twice  a  day. 

In  both  forms  of  gauge  the  cylinders  should  be  carefully  adjusted  to  the  clock  at  starting  and 
the  adjustment  occasionally  tested. 

In  connection  with  the  self-registering  gauges,  a  staff-gauge  should  be  used  to  get  the  relation 
between  the  readings  of  the  former  and  the  height  of  tide.  When  this  relation  is  well  established, 
it  may  be  applied  as  a  constant  to  all  the  readings  of  the  record-sheet. 

The  following  description  and  accompanying  diagrams  will  give  a  more  detailed  account  of  the 
construction  and  manner  of  working. 

A  perspective  view  of  one  of  the  large-cylinder  gauges,  with  the  principal  parts  in  place,  is 
given  on  the  preceding  page. 

Details  of  the  construction,  represented  in  the  other  sketches,  will  be  referred  to  in  the  follow-, 
ing  description  of  the  apparatus  : 


In  Fig.  3  are  shown  A  and  B,  the  parts  of  the  frame  to  which  the  axle  of  the  gauge  is  attached. 
C  is  the  steel  axle  carrying  the  large  float- wheel  E,  the  pulley  F  for  a4justing  the  motion  of  the 
recording-pencil,  and  the  pulley  J  for  the  counterpoise  W,  and  D  and  M  are  finger-nuts.  G  and  I 
are  pinned  to  the  axle  C.  The  boxes  H  and  K,  in  which  the  axle  runs,  are  secured  to  the  frame, 
and  the  washer  L  secures  M  from  becoming  loose  while  running.  E  and  F  admit  of  adjustment  for 
position  and  are  then  clamped  by  D. 

The  cylinder  that  carries  the  record-paper,  is  made  thus :  A  steel  axle  is  provided,  the  clamp¬ 
ing  end  of  which  is  shown  in  Fig.  8  and  Fig.  9.  The  cylindrical  part  is  made  of  paper,  pasted  and 
wrapped  alternately  until  a  thickness  of  an  eighth  of  an  inch  is  attained.  The  paper  is  then  dried 
and  fitted  with  wooden  ends,  and  the  brass  hubs  are  fixed  with  screws  and  pinned  to  the  axle. 
The  wooden  ends  are  each  made  of  two  layers  in  small  sectors  overlapping,  the  grain  of  the  wood 
running  radially. 

The  clamp  by  which  the  cylinder  is  made  to  move  with  the  clock  is  shown  in  Figs.  8  and  9,  the 
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notched  wheel  V  being  pinned  to  an  axle  of  one  of  the  clock-wheels,  while  T  is  clamped  to  the  axle 

by  the  milled-head  screw  U.  The  clamping-lever  is 
locked  into  Y  in  Fig.  8,  and  thrown  back  in  Fig.  9,  the 
spring  X  being  added  to  keep  it  in  either  position  as 
may  be  desired,  and  all  parts  are  so  disposed  and  pro¬ 
portioned  as  to  counterbalance  each  other  in  any  posi¬ 
tion.  The  float-line,  represented  in  the  figures  by  a 
dotted  line,  is  partly  wound  up  on  the  wheel  E,  and  ex¬ 
tends  from  it  down  to  the  float,  which  rises  and  falls 
with  the  water  on  which  it  rests  in  the  float-box.  The 
line  is  a  well-varnished  silk  cord  of  the  kind  used  for  the  best  flshing-lines.  The  pencil-chain  of 
silver,  running  over  the  pulley  r  and  connecting  F  and  P,  is  also  represented  by  a  dotted  line.  As 
F  must  be  suited  in  size  to  the  average  rise  and  fall  of  the  tides  at  the  place  of  observation,  it  is 
necessary  to  mount  r,  so  that  it  can  be  turned  to  different  angles.  The  mode  of  doing  this  is  shown 


more  clearly  in  Figs.  4  and  5.  The  form  of  the  pencil-frame  is  shown  in  Figs.  6  and  7.  Figs.  10  and 
11  (see  following  page)  show  the  reading-box  with  one  of  the  large  cylinders  and  reading-scale 
mounted  in  it  for  tabulating  the  ordinates  of  the  tidal  curve  traced  in  the  gauge.  Two  of  these 
cylinders  are  provided  so  that  one  can  be  read  in  the  box  while  the  other  is  in  the  gauge.  When 
the  cylinder  is  fixed  in  the  box,  and  the  top  put  on  and  fastened  by  its  hooks,  it  may  be  carried  to 
any  place  desired  by  the  handle. 

So  far,  the  description  applies  to  Mr.  Aveiy^s  large  cylinder  tide-gauge.  Mr.  Avery  has  also  de¬ 
vised  a  plan  by  which  the  clock  is  made  to  move  the  three  rollers  of  the  Saxton  gauge  so  as  to  make 
it  continuously  automatic  by  means  of  an  endless  band,  as  shown  in  Figs.  12, 13,  and  14.  He  has  also 
applied  to  it  the  improved  mode  of  clamping  shown  in  Figs.  8  and  9,  and  the  mode  of  mounting  the 
wheel  and  pulleys  shown  in  Fig.  3,  and  has  substituted  balance-clocks,  moved  by  weights,  for  pen¬ 
dulum  ones.  By  these  and  other  minor  improvements  many  of  the  causes  of  stoppage  and  imper¬ 
fect  work  have  been  removed  and  the  instrument  rendered  very  complete. 

A,  B,  and  O,  in  Figs.  12, 13,  14,  represent  the  ends  of  the  rollers,  each  of  which  is  usually  made 
about  13  inches  long  and  3^  inches  diameter,  the  middle  one  B  being  furnished  with  a  ring  of  24 
equidistant  short  steel  spurs  at  each  end,  a  foot  apart,  to  move  the  paper  and  prick  the  half-hour 
points  to  read  from.  A  piece  of  the  record-paper  about  21  yards  in  length,  enough  for  a  month,  is 
wound  upon  A  at  the  beginning  of  each  month,  and  passes  over  B  beneath  the  impression-roller  D, 
and  then  under  O  upon  which  it  is  wound  up.  The  dotted  circles  and  line  show  the  roUs  of  the 
record-paper  on  A  and  C,  and  its  path  from  one  to  the  other.  E,  F,  and  G  are  the  band- wheels,  one 
being  placed  on  the  axle  of  each  cylinder,  while  the  endless  band  connects  them  all  as  shown  in  Fig. 
12.  F  is  fixed  by  screws  upon  the  end  of  B,  which  is  clamped  to  the  clock  and  turns  round  in  twelve 
hours.  E  and  Q,  therefore,  derive  their  motions  from  F.  The  band  passes  entirely  round  F,  its  di¬ 
rection  of  motion  when  recording  being  shown  by  the  arrow  above,  and  its  crossing  enlarged  at  L. 
H  is  a  pulley,  hanging  beneath  in  its  frame,  O,  attached  to  one  leg  of  the  franie  of  the  gauge  by  the 
bolt  P,  and  drawn  down  by  a  weight,  W,  of  about  1 J  pounds  to  keep  the  band  stretched.  K  and  K' 
(not  shown  but  placed  on  the  other  side  of  F)  are  to  guide  the  band.  I  and  J  are  triangular  fric¬ 
tion-plates,  carried  by  E  and  G  and  sliding  on  brass  plates  on  the  ends  of  A  and  C,  and  the  effect 
of  their  action  is  to  keep  the  record-pai)er  stretched  as  it  is  drawn  off  from  A  and  wound  up  on  C. 
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The  relative  diameters  of  E,  F,  and  G  are  so  proportioned  as  to  just  do  this  without  unnecessary 
•friction,  as  the  pressure  of  the  friction  springs  on  A  and  C  can  be  nicely  adjusted  by  the  finger-nuts  M 
and  K.  The  washers  m  and  w,  sliding  on  pins  in  the  axis,  are  used  to  prevent  the  nuts  from  becom¬ 
ing  loose  while  the  gauge  is  in  operation.  These  gauges  work  finely,  and  are  to  be  preferred  where 
the  rise  and  fall  of  the  tides  is  small  and  the  effects  of  winds  or  river-floods  large  in  proportion  to 
the  normal  tides.  It  has  been  found  from  long  trials  that  in  i)laces  where  the  gauges  are  exposed 


Scale,  -j^ 


to  jars,  as  on  many  of  the  wharves  occupied  by  observers,  it  is  best  and  sometimes  necessary  to  use 
gauge-clocks  moved  by  weights,  but  having  balance-wheels  instead  of  pendulums.  In  very  quiet 
and  stable  positions  the  pendulum-clocks  are  preferable.  These  remarks  apply  to  gauges  of  either 
form.  The  large  cylinder-gauges  appear  to  be  preferable  where  the  average  rise  and  fall  of  the 
tides  is  much  greater  than  the  effects  of  all  disturbing  causes. 
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HOW  TO  USE  A  SELF-REGISTEEING  TIDE-GAUGE. 

When  a  self-registering  tide-gauge  is  used  it  is  done  to  obtain  a  correct  and  continuous  record 
of  the  height  of  the  tide,  so  that  the  height  for  any  hour  or  minute  during  the  whole  period  of 
observation  can  be  easily  found  therefrom.  The  mode  of  doing  this  will  here  bo  given,  but,  as  the 
gauges  differ  considerably  in  their  construction,  we  shall  have  to  suit  our  remarks  more  or  less  to 
those  of  the  most  approved  form.  We  shall  assume  that  if  the  reader  fully  understands  how  to 
use  these  he  will  find  no  difficulty  in  learning  how  to  use  any  other. 


Packing  up  the  gauge,— off  the  fioat  and  all  the  weights,  and  then  detach  the  pendulum, 
if  there  be  one,  carefully  lifting  it  up  by  the  bob  to  prevent  the  pendulum-rod,  which  is  often  made 
of  well- varnished  wood,  from  being  broken  or  bent,  and  being  very  careful  not  to  bend  or  break  its 
supporting  springs.  When  a  balance-clock  is  used  it  is  sometimes  taken  off  and  packed  carefully 
by  itself  on  account  of  the  more  delicate  construction  of  some  of  its  parts.  Unscrew  the  legs  from 
the  top  part  of  the  frame  and  take  them  off.  The  legs,  the  pendulum,  the  fioat,  and  the  weights  are 

S.  Ex.  37 - ^18 
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usually  put  into  a  long  box  by  themselves,  while  the  top  frame,  with  the  clock  attached,  is  often 
put  as  one  piece  into  a  large  square  box.  The  large  wheel  may  be  put  into  one  of  these  boxes  or 
the  other,  as  is  most  convenient ;  but  see  that  the  weights  and  all  the  loose  parts  are  either  tied, 
braced,  or  so  arranged  that  they  cannot  move  or  get  loose.  Sometimes  all  the  parts  of  a  gauge  are 
put  into  a  single  box.  It  is  important  to  have  everything  dry  when  packed.  The  covers  to  the 
packipg-boxes  should  be  put  on  with  screws,  so  that  the  instrument  can  be  easily  taken  out  or 
repacked  when  not  in  use  or  its  transportation  is  required.  And  the  boxes,  stuffing,  &c.,  should  be 
carefully  preserved  for  this  purpose. 

Setting  up  the  gauge, — It  will  be  best  not  to  unpack  the  gauge  until  the  tide-house  is  prepared 
to  receive  it,  and  the  float-box  flxed  in  its  place.  A  very  stable  wharf,  not  subject  to  jars,  is  best, 
and  the  water  should  be  deep  enough  to  allow  the  bottom  of  the  tide-gauge  to  be  several  feet — at 
least  four — below  the  lowest  tides.  The  tide-house  may  be  about  5  feet  by  8,  and  high  enough  to 
stand  in,  and  if  the  wharf  be  solid  its  floor  may  project  12  or  18  inches  over  the  water,  having  a 
square  hole  through  it  for  the  float-box ;  but  if  the  wharf  rests  on  piles,  or  is  open  underneath,  it 
is  better  to  cut  a  hole  through  it  for  the  float-box,  as  the  house  will  be  better  supported.  If  the 
house  is  in  an  exposed  place  it  should  be  fixed  to  the  wharf  with  spikes  or  screws.  The  float-box 
has  generally  been  made  of  pine  plank  or  2  inches  thick,  in  the  form  of  a  long  square  tube,  hav¬ 
ing  a  hole  running  through  it  about  6  inches  square.  It  should  run  up  3  or  4  inches  above  the 
floor  in  the  tide-house,  and  descend  well  toward  the  bottom,  where  it  may  terminate  in  a  short  fun¬ 
nel  having  a  hole  at  the  end  of  half  an  inch  or  a  little  more  in  diameter.  This  shaj^e  and  mode  of 
setting  prevents  sediment  from  accumulating  in  the  box. 

Where  a  feelf-registering  gauge  is  fitted  up  for  a  long  series  of  observations,  and  it  is  very 
desirable  to  avoid  breaks  in  it,  such  as  arise  fi*om  accidents  and  the  decay  of  the  wooden  parts 
immersed,  it  has  been  found  of  great  advantage  to  have  a  round  tube  5  or  6  inches  in  diameter  for 
the  float  to  work  in,  made  of  sheet-copper  terminating  at  the  bottom  in  a  funnel,  with  a  small  hole 
to  admit  the  water  like  the  wooden  box ;  this  is  slipped  down  into  the  outer  wooden  box,  and  has 
a  narrow  flange  at  top  where  it  rests  on  the  wooden  box.  And  sometimes  the  outer  box  is  covered 
with  sheet-copper,  inside  and  out,  to  protect  it  from  worms,  which,  in  many  places,  destroy  unpro¬ 
tected  wooden  boxes  in  a  short  time.  One  great  advantage  of  the  inner  copper  tube  is  that  it  is  so 
light  that  one  or  two  men  can  readily  slip  it  out  and  inspect  it  when  necessary  or  repairs  are  needed, 
whereas  the  outer  case  generally  has  to  be  strongly  flxed  up,  is  heavy,  and  manipulated  with  diffi¬ 
culty.  Another  advantage  is  that  when  one  float-box  is  used  inside  of  another  the  water-surface 
becomes  much  more  quiet  than  with  one  only.  The  outer  one  also  shields  the  other  from  injuries. 

We  are  making  arrangements  to  substitute  for  the  above  copper  tubes  others  made  of  sheet- 
iron  covered  inside  and  out  with  a  durable  coating  of  enamel.  It  is  expected  that  such  tubes  will 
be  very  durable,  like  the  plane  tide-meters  covered  with  a  porcelain  glazing  we  have  been  using. 

The  best  outside  protection  is  afibrded  where  a  well  is  built  in  the  waU  of  a  dock  or  in  a  stone 
pier,  one  or  more  holes  being  left  at  or  near  the  bottom  to  communicate  with  the  water  outside, 
and  it  would  be  weU  for  governments  to  require  one  in  every  navy-yard  and  large  port.  The  Coast 
Survey  has  sometimes  used  a  crib  built  of  logs  interlocked  at  the  comers  and  filled  in  with  stone, 
a  well-hole  being  left  in  the  middle  over  which  the  tide-house  was  placed. 

A  staff-gauge  or  a  box-gauge  has  generally  been  fitted  up  near  a  self-registering  one  to  afford 
the  means  for  making  daily  or  frequent  comparisons,  the  adjustments  of  the  latter  being  liable  to 
changes  in  making  repairs.  But  some  recent  modiflcations  of  the  self-registering  gauges  tend  to 
make  them  more  independent  of  these  auxiliaries,  which  can,  perhaps,  be  dispensed  with  by  em¬ 
ploying  more  skillful  observers,  improving  the  apparatus,  and  fitting  them  up  more  substantially. 

When  all  is  ready  the  tide-gauge  may  be  unpacked  and  set  up,  observing  to  follow  the  numbers 
marked  at  the  comers  in  putting  the  legs  in  their  places.  Then  put  the  great  wheel  in  its  place, 
and  the  pendulum,  if  one  is  used,  and  hang  on  the  weights.  The  largest  weight  drives  the  clock,  a 
small  one  of  a  pound  or  so  is  the  counterpoise  for  drawing  the  pencil-frame  and  keeping  the  silver 
chain  stretched,  and  one  of  intermediate  size  is  a  counterpoise  to  put  on  the  pulley  on  the  axle  of 
the  great  wheel  under  the  frame,  to  keep  the  float-line  stretched.  Next  suspend  the  float  in  its 
place  by  the  float-line,  and  see  that  this  is  properly  wound  around  the  great  wheel,  and  on  the 
right  side  of  it.  Hook  on  the  little  silver  chain  that  connects  the  pulley  on  the  axle  of  the  great 
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wheel  with  the  i)encil-fraiiie.  The  proper  length  for  the  float-line  must  be  found  by  trial,  and  this 
will  be  obtained  when  the  high  and  low  water  turns  of  the  curve  are  traced  about  equally  distant 
from  the  opposite  sides  of  the  paper.  When  that  length  is  found  the  line  must  be  permanently 
fastened  by  a  knot  or  by  tying  it  to  the  rim  of  the  wheel,  and  any  surplus  cord  may  be  wound  up 
on  the  spokes,  so  as  to  be  out  of  the  way  and  ready  if  it  be  wanted. 

MANAGEMENT  OP  A  THEEE-ROLLEB  GAUGE. 

A  roll  of  the  paper  for  a  month’s  record  is  wound  very  smoothly  upon  the  roller  having  brass 
disks  on  its  ends,  the  end  of  the  roll  being  first  fixed  in  its  clamp.  The  free  end  is  then  passed 
under  the  pencil-frame  and  over  the  middle  roller,  the  small  pressing-roller  which  rests  on  the  mid¬ 
dle  one  being  taken  oft'  while  the  paper  is  being  put  on.  The  paper  is  then  passed  under  the  other 
roller  and  fastened  in  its  clamp  and  wound  on  enough  to  make  it  stay  stretched.  In  the  old  gauges, 
small  weights  were  used  suspended  by  cords  from  spools  on  the  ends  of  the  first  and  third  rollers 
to  keep  the  paper  stretched.  In  the  three-roUer  gauge,  as  now  made,  an  endless  band  passing 
around  three  pulleys  on  the  ends  of  the  three  principal  rollers  is  so  arranged  as  to  keep  the  paper 
stretched.  This  fonn  of  gauge  we  have  already  described.  While  putting  on  or  taking  off  paper, 
detach  the  middle  roller  from  the  clock  by  loosening  the  finger-screw  or  moving  back  the  lever 
that  makes  the  connection.  When  the  paper  is  on,  adjust  the  middle  roller,  which  is  furnished 
with  24  needle-points  around  each  of  its  ends  for  pricking  the  half-hour  points,  so  that  when  the 
pencil  is  drawn  to  the  edge  of  the  paper  it  will  come  exactly  against  one  of  these  needle-points  on 
the  roller  precisely  at  the  time  when  the  clock  points  to  an  hour  or  half-hour,  the  clock  having  been 
previously  set  correctly.  Once  a  day  the  pencil  should  be  moved  in  the  same  manner  exactly  when 
the  clock  points  to  an  hour  or  half-hour  to  test  the  agreement  of  the  needle-points  with  the  clock- 
hands,  and  the  d<ay  of  the  month  and  hour  or  half-hour  noted  on  the  sheet  near  the  line  in  pencil. 
After  a  sheet  is  started  the  adjustment  should  not  be  changed,  unless  it  becomes  necessary  on 
account  of  some  accident,  and  then  the  particulars  should  be  folly  noted  in  place  on  the  sheet. 
After  the  pencil  has  been  adjusted  to  the  needle-point  as  directed,  the  hands  of  the  clock  must  not 
be  moved  for  time-correction  without  readjusting  the  pencil  until  the  paper  is  changed.  The  roller 
connected  with  the  clock  and  also  the  minute-hand  of  the  clock  will  generally  have  a  little  play, 
which  must  be  allowed  for  when  setting  the  pencil  to  its  proper  place  on  the  paper,  so  that  the 
pencil  will  stand  right  when  the  gauge  is  in  motion,  the  pressure  being  in  one  direction.  At  the 
beginning  and  end  of  each  monthly  roll,  note  in  pencil  the  year,  month,  day  of  the  month,  day  of 
the  week,  hour,  and  minute  of  starting  or  stopping,  name  of  station  and  observer,  and  number  of 
gauge  and  scale,  and  on  the  proper  sides  of  the  paper  “high  water”  and  “low  water.”  Other 
details  common  to  these  forms  of  gauges  with  those  having  large  cylinders  will  be  understood  from 
reading  the  following  directions  suited  to  them. 

MANAGEMENT  OP  A  LARGE  CYLINDER  GAUGE. 

A  completely-furnished  gauge  of  this  kind  has  two  recording-cylinders  and  a  reading-box. 
These  cylinders  are  used  alternately,  one  of  them  being  in  use  in  the  gauge,  while  the  other  is  put 
into  the  reading-box  and  carried  to  a  convenient  place  for  tabulating  the  readings.  If  only  one 
cylinder  is  furnished,  the  sheet  must  be  removed  when  full  and  another  substituted,  the  readings 
being  made  on  a  table  or  in  a  suitable  frame.  To  cover  one  of  the  cylinders  with  paper,  it  is  a  good 
way  to  cut  off  firom  one  of  the  long  rolls  a  piece  an  inch  or  two  longer  than  is  required  to  reach 
around  the  cylinder  to  allow  for  the  necessary  lap  to  paste  to,  then  lay  this  piece  on  a  table  and  take 
a  large  towel  or  other  piece  of  cloth  large  enough  to  cover  it,  and  having  dipped  this  in  water  and 
wrung  it  out,  lay  it  down  upon  the  paper  for  a  minute  or  so  to  djimpen  it,  then  put  the  paper  around 
the  cylinder  quickly,  and  careftilly  adjust  it  to  the  right  place  by  seeing  that  it  lies  equally  between 
the  black  lines  turned  round  the  ends  of  the  cylinder,  and  that  the  lap  is  made  the  right  way  for 
the  pencil  to  slide  over  the  pasted  edge  when  the  gauge  is  working,  and  then  tie  an  elastic  string 
around  the  middle  of  the  cylinder  over  the  paper  to  keep  it  in  its  place ;  observe  also  that  the  place 
of  joining  comes  just  before  the  hour  marked  0**  on  the  edge  of  the  cylinder,  so  that  when  the  sheet 
is  taken  off,  the  division  may  be  made  at  the  lapped  edge  and  the  observations  for  each  day  will  be 
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unbroken.  Then  it  may  be  well,  especially  in  very  drying  weather,  to  wrap  the  damp  cloth  around 
the  cylinder  over  the  paper  for  a  minute  or  so,  when  the  -paper  may  be  drawn  to  fit  tightly  and 
fixed  in  its  place  by  a  little  mucilage  put  under  the  free  edge  in  five  or  six  places  with  a  brush  and 
pressing  it  down.  The  paper  must  not  be  made  too  damp,  for  then  it  may  burst  when  it  dries.  It 
should  be  merely  damp  enough  to  make  it  fit  tightly  so  that  it  cannot  slip  while  in  use.  A  little 
experience  will  enable  one  to  do  it  well.  An  elastic  band  may  be  put  around  one  or  both  ends  of 
the  cylinder  over  the  edges  of  the  paper  for  greater  security.  Having  fixed  the  paper  on  the  cylin¬ 
der,  the  next  thing  is  to  transfer  the  divisions  or  hour-marks  and  thefr  numbers  from  the  ends  of 
the  cylinder  to  the  edges  of  the  paper,  so  that  the  hours  may  be  preserved  after  the  paper  has  been 
removed.  This  can  be  done  conveniently  while  the  cylinder  is  lying  in  the  reading-box.  If  the 
gauge  has  but  one  cyliiuler,  it  can  be  done  while  this  rests  in  its  place  in  the  gauge.  When  the 
cylinder  is  put  into  the  gauge  a  circle  must  be  turned  around  each  end  of  it  on  the  paper  by  mov¬ 
ing  the  pencil-frame  first  to  one  end  of  the  rod  it  slides  on,  and,  while  held  there,  turning  the 
cylinder  round,  marking  with  the  pencil  on  the  paper  as  it  turns,  and  then  in  the  same  way  at  the 
other  end  of  the  cylinder.  These  lines  determine  the  extreme  reading-points,  and  insure  uniformity 
in  reading  the  sheets.  The  next  thing  is  to  clamp  the  cylinder  to  the  clock  so  that  it  may  be  prop¬ 
erly  driven  by  it.  To  do  this,  loosen  the  clamping-screw  and  move  the  little  clamping-lever  into  its 
place  on  the  disk  that  projects  from  the  back  of  the  clock ;  then  turn  the  cylinder  till  the  hour  the 
recording-pencil  stands  on  agrees  with  that  shown  by  the  driving-clock,  having  pre\uously  set  this 
to  the  true  time,  then  turn  the  screw  and  clamp  the  cylinder  to  the  clock.  Observe  that  our  cus¬ 
tom  is  to  make  the  day  commence  at  midnight,  so  that  midnight  is  0^,  1  a.  m.  is  P,  noon  is  12'*,  1 
p.  m.  is  13**,  11  p.  m.  is  23**,  &c.  A  cylinder  may  be  kept  running  for  several  days  in  most  places 
before  the  other  is  substituted  or  the  sheet  taken  off.  The  length  of  time,  however,  must  depend 
on  the  convenience  of  the  person  in  charge,  the  nature  of  the  tides  at  the  place  of  observation,  and 
the  importance  of  obtaining  such  records  as  will  be  free  from  all  confusion ;  but  it  will  be  best  to 
change  so  often  that  the  records  can  at  any  time  be  conveniently  read.  To  facilitate  the  reading,  it 
will  be  well  for  the  observer,  when  he  visits  the  gauge,  or  at  least  once  or  twice  a  day,  to  mark  the 
day  of  the  month  on  the  line  behind  the  pencil.  The  year,  the  month,  and  the  days  of  the  month 
and  week,  when  the  record  begins  and  ends,  must  also  be  marked  on  every  sheet;  also  the  high 
and  low  water  sides  of  the  sheet ;  also  the  name  of  the  station,  the  observei'’8  name,  the  number  of 
the  gauge,  and  the  scale  to  which  it  is  working. 

TABULATING  HIGH  AND  LOW  WATERS. 

When  a  sheet  is  filled,  it  should  be  placed  in  the  reading-box,  and  without  being  exposed  to 
the  sun,  or  in  too  dry  a  place,  which  would  probably  cause  it  to  shrink  in  dimensions,  it  should 
be  carried  to  a  convenient  place  for  tabulating,  which  should  be  attended  to  soon.  Mark  by  pencil- 
dots  on  the  curve  the  places  where  the  high  and  low  waters  occur.  Then  read  off  the  high  and  low 
waters,  always  reckoning  from  the  marginal  circle  on  the  low- water  side,  which  should  agree  with 
some  particular  division  of  the  triangular  scale  used  for  reading,  and  write  them  in  their  proper 
places  on  the  forms  used  for  this  kind  of  tabulating;  also  write  the  time  of  each  to  the  nearest 
minute.  For  getting  the  time  easily  it  may  be  found  most  convenient  to  draw  the  hour-lines  pre¬ 
ceding  and  following  each  of  the  points  to  be  read  entirely  across  the  sheet,  and  use  a  small  pro¬ 
portional  scale  for  finding  the  minutes  in  reading.  The  triangular  scale  used  in  the  box  for  reading 
heights  may  be  moved  a  little  endwise  for  adjustment,  but  should  be  set  and  clamped  so  that  the 
marginal  line  on  the  low- water  side  of  tlie  paper  may  always  be  on  the  same  division  of  it,  or,  what 
will  be  equivalent,  see  that  this  reading-scale  always  lies  precisely  in  the  same  place  and  is  well 
clamped  to  prevent  motion  endwise.  Ko  change  should  be  made  in  this  setting  unless  required  by 
some  new  adjustment  of  the  gauge,  and  to  preserve  the  relation  of  the  readings  to  the  bench-mark. 
The  scale  may  be  pressed  close  to  the  cylinder  while  reading.  A  staff  or  box  gauge  or  tape-line  is 
always  put  up  near  or  in  connection  with  a  self-registering  gauge,  so  that  the  observer  can  compare 
the  height  read  on  this  with  that  given  by  the  scale,  and  this  he  is  expected  to  do  generally  twice 
a  day,  noting  the  time  in  place  on  the  record.  These  comparisons  are  copied  into  their  places  on 
the  form  for  high  and  low  waters,  and  the  average  relation  of  the  scale  and  other  gauge  is  found 
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for  each  month  or  so.  This  relation  enables  the  computer  to  reduce  all  parts  of  a  series  of  obser- 
yations  to  uniformity,  as  it  shows  what  correction  to  apply  to  the  scale-readings  to  do  it,  and  the 
observer  is  generally  required  to  fill  out  the  columns  for  corrected  time  and  height. 

Comparative  readings  are  most  valuable  when  made  at  or  near  high  or  low  waters,  and  most 
convenient  to  use  when  made  at  the  hour  or  half-hour  marks  and  estimated  if  possible  to  hun¬ 
dredths  of  feet.  The  use  of  these  comparative  readings  is  to  guard  against  the  irregularities  and 
uncertainties  which  are  liable  to  occur,  as  tlie  self-registering  gauge  is  exposed  to  various  accidents, 
such  as  the  breaking  and  repair  of  the  pencil-chain  or  float-line,  by  which  the  relation  of  its  record 
to  the  bench-mark  may  be  changed. 

TABULAXma  HOURLY  READINGS. 

The  high  and  low  water  readings  will  suflice  for  computing  approximately  certain  values  which 
are  much  used,  such  as  the  average  luiiitidal  intervals,  average  rise  and  fall  of  tides,  and  the  rela¬ 
tions  of  spring  and  neap  tides.  But  for  making  a  more  complete  investigation  of  the  laws  of  the 
tides  and  of  the  various  changes  to  which  they  are  subject  it  is  best  to  tabulate  the  hourly  values 
of  the  ordinates  of  the  curve  traced  by  the  gauge.  A  convenient  form  for  doing  this  has  been 
provided.  These  values  being  read  while  the  cylinder  or  sheet  is  still  in  the  reading-box  or  its  sub¬ 
stitute,  and  with  the  same  scale  that  has  been  used  for  reading  the  high  and  low  waters  and  in  a 
similar  way,  it  is  not  necessary  to  describe  the  process  more  fully  here.  Blank  forms,  to  be  filled  up 
by  the  observer,  are  furnished  from  the  Coast  Survey  Office,  with  ample  instructions  for  tabulating 
high  and  low  waters,  and  also  the  hourly  readings. 

SCALES  OF  HEIGHT. 

Tliree  small  pulleys  are  generally  furnished  with  a  gauge,  especially  when  the  rise  and  fall  of 
the  tides  at  the  locality  is  only  roughly  known.  Then,  for  example,  with  one  it  would  work  to  a 
scale  of  with  the  one  sent  in  place  it  works  to  a  scale  of  and  with  the  other  it  would  work 
to  a  scale  of  The  relative  circumferences  of  the  pulley  and  the  large  wheel  determine  the  scale. 
The  pulleys  furnished  are  suited,  as  well  as  can  be  predetermined,  to  the  place  of  observation;  but 
three  are  generally  sent,  that  a  change  may  be  made  if  found  necessary.  The  triangular-reading 
scale  will  answer  for  either  of  these,  as  its  edges  are  graduated  differently ;  but  the  observer  should 
be  careful  to  read  always  with  the  edge  that  corresponds  to  the  pulley  he  is  using.  Five  of  the 
principal  divisions  of  the  ^  scale  is  equal  to  a  foot;  7  of  these  divisions  of  the  |  scale  is  equal  to  a 
foot;  and  10  of  the  ^  scale  is  equal  to  a  foot,  and  so  on  for  other  scales.  The  one  found  on  trial 
to  be  best  suited  to  the  range  of  the  tides  at  the  place  of  observation  should  be  used  there ;  but 
if  any  change  is  made,  it  must  be  conspicuously  noted  down  among  the  observations  on  the  sheet 
in  use  at  the  time. 

TIME. 

The  gauge-clock  should  be  kept  as  nearly  as  possible  to  mean  solar  tim€y  and  it  should  be  com¬ 
pared  often  with  some  standard  time-keeper,  or,  when  that  is  impracticable,  with  the  sun  by  means 
of  a  meridian-mark,  sun-dial,  or  dipleidoscope  established  for  the  purpose,  and  the  result  noted  on 
the  sheet  or  accompanying  records,  applying  the  equation  of  time  taken  from  an  almanac  or  suit¬ 
able  table.  It  is  better  to  have  the  clock  set  to  run  a  very  little  too  fast  than  too  slow,  as  it  can 
then  be  put  to  the  true  time  by  merely  stopping  it  a  few  moments  without  deranging  the  relation 
to  the  recording  parts ;  whereas  if  it  run  too  slowly,  the  hands  would  have  to  be  advanced,  and 
this  would  necessitate  a  readjustment  of  the  pencil  on  the  sheet. 

PRECAUTIONS. 

Full  and  clear  notes  must  be  made  on  the  sheet  or  accompanying  record  of  everything  done, 
every  readjustment  or  time-correction,  every  accident  or  breakage  or  repair,  every  stoppage,  with 
its  cause  and  duration,  every  comparison  of  time  or  height. 

The  greatest  care  should  be  taken  to  obtain  a  continuous  unbroken  record,  and  for  this  reason 
it  is  best  that  the  observer  visit  the  gauge  at  least  two  or  three  times  a  day,  as  early  and  as  late 
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in  the  day  as  practicable,  and,  if  convenient,  near  noon.  He  should  keep  a  close  watch  on  all  the 
details,  and  clean  and  oil  the  working  parts  as  often  as  they  need  it,  especially  the  rod  on  which 
the  pencil-frame  slides.  Very  little  oil  should  be  used,  however,  as  too  much  is  needless  and  filthy. 
If  it  become  necessary  to  interrupt  the  record  to  make  changes  or  repairs,  choose  a  time  interme¬ 
diate  between  high  and  low  waters,  as  it  is  very  desirable  to  have  the  parts  near  high  and  low 
waters  unbroken. 

Should  a  protracted  stoppage  be  uavoidable,  the  observer  should  observe  on  the  staff  or 
auxiliary  gauge  aU  the  high  and  low  waters,  and  as  many  hourly  readings  as  he  can.  In  observ¬ 
ing  high  and  low  waters  on  the  auxiliary  gauge  he  should  begin  some  minutes  before  the  time  and 
continue  a  while  after,  to  be  sure  that  the  tide  has  turned  during  his  observations.  Covers  have 
been  furnished  with  each  gauge  for  the  clock  and  cylinders,  and  these  should  be  kept  on,  except 
when  it  is  necessary  to  inspect  the  work  or  the  apparatus.  They  protect  from  dust,  spray,  and 
dampness.  The  cover  on  the  clock  can  be  easily  removed  after  turning  out  the  brass  screws  that 
hold  it.  A  place  is  provided  on  the  clock  side  of  the  frame  or  inside  for  the  winding-key  and  all  the 
tools  for  turning  the  various  screws,  and  they  should  be  kept  there,  that  they  may  be  readily  found 
when  wanted.  Probably  the  best  way  to  take  a  sheet  off  the  cylinder  will  be  to  cut  very  lightly 
with  a  sharj)  penknife  along  at  the  edge  that  laps  over,  being  very  careful  to  cut  no  deeper  than  is 
necessary  to  divide  the  paper,  for  the  cylinder,  being  made  of  paper,  might  be  injured  by  deep  cut¬ 
ting.  The  sheets  should  be  carefully  rolled  up  for  preservation,  and  sent  monthly  to  the  Coast 
Survey  Office,  or  assigned  place  of  preservation  with  fair  copies  of  the  tabulated  readings  for  high 
and  low  waters  and  staff'  comparisons  and  tabulated  hourly  readings,  as  these  cannot  be  so  accu¬ 
rately  made  afterward,  owing  to  the  shrinking  of  the  paper.  The  sheet,  however,  should  not  be 
sent  by  the  same  mail  as  the  tabulated  readings  derived  from  them,  the  latter  being  sent  first. 
This  rule  is  to  guard  against  the  loss  of  observations  by  mail-accidents.  It  is  well,  especially 
where  there  is  no  meteorological  observatory  in  the  neighborhood,  to  keep  up  a  regular  series  of 
meteorological  observations  at  every  permanent  tidal  station  where  a  self-registering  tide-gauge  is 
used,  particularly  of  observations  with  thermometers  and  barometer,  and  of  the  direction  and  force 
of  the  wind,  amount  of  rain,  &c.,  as  the  tides  are  often  greatly  influenced  by  meteorological  condi¬ 
tions.  These  meteorological  observations  may  be  arranged  in  tables  on  blank  forms  sent  from  the 
office  to  be  filled  up  by  the  observer,  and  sent  back  monthly  with  the  tidal  observations,  or  they 
may  be  kept  in  books  ruled  for  the  purpose  and  sent  at  designated  times. 
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APPENDIX  No.  9. 

CHANGES  IN  THE  HARBOR  OF  PLYMOUTH,  MASS. 

Boston,  May  1, 1876. 

Dear  Sir  :  I  desire  to  call  your  attention  to  evidences  of  important  physical  changes  in  the 
harbor  of  Plymouth,  which  are  furnished  by  comparisons  of  Champlain’s  sketch  (1605)  and  Blas- 
kowitz’s  survey  (1774),  with  the  most  recent  chart  of  the  Coast  Survey. 

The  first  of  these  documents  is  found  in  the  published  works  of  Champlain ;  the  second  is 
before  me  in  the  original  manuscript,  bearing  the  autograph  of  the  author,  with  his  official  title, 
“Deputy  Surveyor  for  North  America.”* 

Champlain. — ^The  sketch  of  Plymouth,  under  the  name  of  “  Port  St.  Louis,”  may  be  found  in 
Chapter  YIII  of  Champlaiu’s  Voyages.  The  copy  appended,  from  which  conventional  signs,  &c., 
irrelevant  to  our  present  inquiry  have  been  omitted,  is  fi^om  the  recent  Quebec  edition.!  From 
the  text  it  appears  that  the  little  vessel  bearing  Champlain  (who  was  not  the  commander)  ran  into 
this  “cw  dc  to  wait  for  a  fair  wind  to  continue  the  voyage  on  the  18th  of  July,  1605,  and 
remained  there  only  one  day.  The  positions  are  given  upon  the  sketch  of  two  anchorages,  one  in 
the  middle  of  the  roadstead,  which  we  may  assume  was*  the  first  occupied,  the  other  near  the  point 
of  Long  Beach.  {  They  were  tempted  to  leave  their  first  anchorage  by  the  hope  of  going  in  their 
vessel  into  the  “river,”  to  which  they  were  invited  by  the  Indians ;  but  they  found  the  water  too 
shallow,  “it  being  low  tide,”  and  again  let  go  their  anchor. §  This  vessel  drew  less  than  five  feet, 
and  the  sounding  given  on  Champlain’s  sketch  indicating  the  end  of  the  course  is  one  fathom, 
fh)m  which  we  learn  that  his  soundings  are  reduced  to  low  water.  Champlain  went  on  shore  and 
reconnoitered  the  river  and  found  it  only  an  arm  of  the  sea.  He  describes  the  bay  as  a  place  about 
one  league  in  circuit,  evidently  meaning  the  “  cu  de  sac  ”  into  which  the  vessel  ran  for  an  anchorage, 
and  not  the  entire  water-space.  It  is  this  de  sac^  that  he  sounded  out,  and,  although  he  does 
not  represent  Brown’s  Bank,  the  limits  of  his  soundings  indicate  that  the  bank  was  there,  but  that 
he  did  not  know  that  any  ship-channel  lay  between  this  bank  and  the  Gurnet  or  Saquish.  If  this 
bank  had  been  as  elevated  as  it  now  is,  so  as  to  run  dry  at  low  water,  he  would  probably  have 
represented  it  on  his  sketch  and  have  guessed  that  the  great  entrance  channel  to  interior  waters 
lay  beyond.  In  the  text  he  refers  to  the  Gurnet  as  covered  with  wood,  principally  pines,  and  as 
“  attached  to  a  pretty  long  coast  of  sand  dunes.”  He  then  speaks  of  two  ‘^islets  in  the  said  hay’^ 
(evidently  Saquish  and  Clark’s  Island),  ‘‘which  are  not  seen  unless  one^  is  within^  around  which  the 
sea  rum  nearly  dry  at  low  tide.^ 

Champlain’s  map  is  in  the  main  a  wretched  eye-sketch,  one  of  the  worst  which  api>ears  in  his 
narrative.  He  evidently  did  not  think  the  anchorage  a  valuable  one.  He  had  gone  in  on  the 
wrong  side  of  Brown’s  Bank  and  just  missed  the  discovery  of  a  most  excellent  harbor.  Assuming 
nothing  for  this  map  beyond  that  which  would  impress  us  in  the  most  ordinary  sailor’s  sketch, 
we  still  must  admit  that  there  are  points  of  value  in  it.  He  had  two  instruments,  a  compass  and 

•This  maanscript  map  of  1774  is  the  property  of  Mrs.  Mary  Winslow  Russell,  grand-niece  of  the  Edward  Wins¬ 
low,  jr.,  to  whom  the  map  (as  its  legend  states)  was  presented  by  the  author.  This  map  has  never  hoon  published  j 
but  Dr.  Nathan  Hayward,  Mrs.  Russell’s  nephew,  for  his  own  amusement  and  to  gratify  a  private  circle  of  friends, 
made,  some  ten  years  ago,  a  few  lithograph  copies,  one  of  which  I  send  with  this  report.  This  lithograph  is  generally 
faithful,  but  it  omits  the  line  of  soundings  in  the  main  ship-channel,  w'hich  happens,  from  our  point  of  view,  to  be  the 
most  important  part  of  the  testimony.  I  therefore  send,  in  addition,  a  copy  of  the  original  manuscript,  from  which  I 
omit  the  strictly  topographical  details,  although  they  are  admirably  executed  upon  the  original  with  the  pen  and 
brush. 

t  CEuvres  de  Champlain  publiies  sous  le  patronage  de  V  University  Laval,  par  VAhh^  C.~H.  Laverdidre,  M.  A.,  1870. 

t  The  vessel  pictured  in  the  roadstead  is  simply  a  conventional  sign  of  proper  anchorage. 

)  On  July  18, 1605,  low  water  must  havefaUen  as  late  as  6  p.  m.,  if  Champlain’s  dates  are,  as  presumed,  Gregorian. 
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a  lead  line,  and  he  evidently  designed  to  represent  the  position  of  the  anchorage  in  its  relations  to 
the  two  entrance  headlands  and  to  Long  Point.  With  his  compass,  corrected  for  the  variation 
determined  by  him  at  Malle  Barre  on  the  previous  voyage,  we  find  the  tangents  from  the  conven¬ 
tional  vessel  to  the  entrance  headlands  (at  the  shore  lines)  to  be  N.  by  E.  J  E.  and  ESE.,  while  the 
point  of  Long  Beach  bears  !NW.  (true).  We  also  observe  that  a  considerable  portion  of  Clark’s 
Island  is  open  to  the  westward  of  Saquish.  With  these  bearings  and  ranges,  we  plot  the  vessel 
upon  our  Coast  Survey  map,  and  find  it  lying  at  least  two  miles  from  Eocky  Point  and  over  three 
from  Gurnet  Point. 

These  two  points  have  no  doubt  washed  away  somewhat;  but  with  every  possible  allowance 
for  waste,  we  cannot  conclude,  from  the  data  thus  far  referred  to,  that  the  anchorage-place  was 
less  than  If  statute  miles  from  the  outer  chord  of  the  entrance.  In  the  sketch,  however,  Champlain 
makes  the  vessel  lie  about  midway  between  the  outer  chord  and  Long  Beach,  which  would  reduce 
the  distance  we  have  just  given  to  If  miles.  Having  satisfied  ourselves  that  the  vessel  lay  from 
If  to  If  miles  from  the  entrance,  let  us  examine  the  soundings  which  he  has  groui)ed  about  this 
vessel  and  extended  seaward  in  the  sketch.  We  find  that,  in  the  circle  of  a  half  mile  diameter 
about  the  vessel,  there  was  an  average  of  7f  fathoms — the  extremes  being  5  fathoms  on  the  inside 
and  9  fathoms  on  the  outside.  The  same  circle  on  the  Coast  Survey  chart  shows  a  mean  of  about 
3  fathoms  and  nothing  greater  than  4  fathoms  in  1853.  Again,  we  find  that  from  his  anchorage 
nearly  to  the  chord  of  the  bay  Champlain  made  numerous  soundings,"*  showing  that  a  pathway 
about  a  half  mile  wide  could  be  followed  out  of  the  bay  with  an  average  depth  of  9  fathoms  of 
water,  and  that  when  still  quite  within  the  tangent  chord  of  the  bay,  so  as  to  be  in  the  narrowest 
part  of  the  entrance,  there  were  10  fathoms  where  there  are  now  less  than  6.  You  will  observe 
that  he  gives  four  soundings  of  10  fathoms  as  if  to  make  sure  to  represent  the  entrance  depth  of  this 

de  sac,'”  In  the  subjoined  table  a  comparison  is  presented  of  his  soundings  with  those  of  the 
Coast  Survey  in  1853.* 


Distance  from 
entrance  in 
statute  mUcB. 

Depth  in  fathoms. 

Loss 
of  depth. 

Remarks. 

1005. 

1853. 

0 

Not  given. 

6| 

Outer  tangent  line  from  Gurnet  to  Rocky  Point. 

0.25 

10 

H 

Between  entrance  headlands. 

0.50 

9 

4* 

0.75 

9 

H 

4| 

1.00 

8 

5 

3 

1.26 

7 

3i 

3| 

1.50 

5 

3* 

It  is  safe  to  conclude  from  the  above  that  the  deeper  portion  of  the  cove  or  bay  between 
Brown’s  Bank  and  Eocky  Point  has  received  an  enormous  deposit  since  the  visit  of  Champlain. 

As  well  as  we  can  judge  from  the  sketch,  the  depth  found  near  the  point  of  Long  Beach  was 
about  the  same  in  1605  as  it  now  is,  although  there  can  be  no  doubt  that  alterations  of  Long  Beach 
itself  have  been  in  progress  since  that  time. 

There  is  no  evidence  of  any  general  emergence  of  the  New  England  coast  indicated  by  any 
comparisons  that  I  have  made  of  Champlain’s  maps  with  those  of  the  Coast  Survey.  Salt-marshes 
indicated  by  Champlain  in  his  map  of  Saco,  Me.,  are  marshes  still,  and  the  depths  over  the  rocky 
bottom  of  Gloucester,  and  even  in  some  of  the  lagoons  of  Cape  Cod,  remain  the  same.  The  Old 
Colony  records  of  very  early  dates  abound  in  references  to  the  salt-marshes  of  Plymouth,  Duxbuiy, 
and  Marshfield,  which  were  peculiarly  valuable  in  a  country  where  the  uplands  were  not  yet  cleared. 
We  have  taken  pains  to  investigate  a  little  this  question  of  emergence,  because  a  very  able  geolo¬ 
gist  has  asserted  that  the  coast  of  the  Gulf  of  Maine  ”  rises  from  one  to  three  feet  in  a  century. 

Blaskowitz  (1774). — In  its  topographical  features  the  original  plotting  made  by  Blaskowitz  from 
his  survey  of  Plymouth  is  remarkable  for  accuracy  and  beauty.  It  is  deficient  in  soundings,  but 

*  Our  latest  published  chart  bears  date  of  1875 ;  but  the  most  recent  soundings  it  contains  of  the  entrance  to 
Plymouth  are  those  of  1853,  made  by  Lieut.  M.  WoodhuU. 
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the  depths  in  the  principal  channel- ways  are  given  and  seem  to  be  designed  to  be  those  of  the  best 
water  at  low  tide.  The  depths  in  the  channel  through  the  Cow  Yard  and  along  the  main  ship- 
channel  past  Saquish  Head  are  represented  much  less  in  1774  than  upon  our  latest  Coast  Survey 
chart  It  is  barely  possible  that  the  completion  of  the  cordon  of  dunes  connecting  Saquish  with 
the  Gurnet  (which  has  been  effected  since  the  Blaskowitz  survey),  and  the  closing  of  openings 
through  the  beach  above  and  below  Rousses  Hummocks,  may  have  caused  more  water  to  flow  in 
and  out  of  the  channels  we  have  named,  and  induced  a  greater  depth  of  water.  But  we  should  be 
timid  of  conclusions  relative  to  deepening^  because  our  Coast  Survey  soundings  are  so  much  more 
niunerous  than  those  upon  the  old  map,  that  the  greatest  depressions  of  the  channel-bed  are  more 
likely  to  have  been  reached  by  us  than  by  Blaskowitz.  When  shoaling,  instead  of  deepening,  is 
indicated  by  the  comparison  of  old  maps  with  our  own,  we  may  safely  conclude  that  a  change  has 
occurred,  and  this  is  the  case  presented  in  the  lower  part  of  the  main  ship-channel  between  Saquish 
and  the  sea,  to  which  we  shall  now  refer. 

The  following  table  shows ‘the  comparison  of  depths  in  the  lower  reach  of  the  main  ship- 
channel  : 


instance  in 

Depth  in  fathoms. 

Loss 

Remarks. 

statute  mUes. 

1774. 

1853. 

of  depth. 

LO 

6 

Ik 

One  mile  westward  from  tangent  line  Joining 
Outer  Cliff  of  Gurnet  with  Rocky  Point. 

0.80 

7 

4* 

2k 

0.00 

8 

4k 

3k 

0.44 

0 

4k 

4k  ^ 

0.25 

0 

4k 

♦k 

0.00 

10 

4k 

5k 

On  tangent  line  joining  Outer  Cliff  of  Gurnet  and 
Rocky  Point. 

0.20 

10 

41 

Outside  of  line  above  mentioned. 

GENERAL,  CONCLUSIONS  AND  REMARKS. 

1st.  Champlain  entered  the  roadstead  of  Plymouth,  in  1605,  with  10  fathoms  of  water  where 
there  is  now  less  than  6;  and  Blaskowitz,  in  1774,  ran  into  the  main  ship-channel  of  Plymouth 
with  10  fathoms  where  there  are  now  less  than  5. 

2d.  Champlain,  in  1605,  found  about  4  fathoms  more  water  in  the  deeper  portion  of  the  road¬ 
stead  than  now  exists ;  and  Blaskowitz,  in  1774,  found  about  4  fathoms  more  water,  for  a  distance 
of  a  mile,  in  the  outer  portion  of  the  main  channel  than  now  exists. 

It  would  be  rash  to  conclude  that  the  agreement  of  these  diminutions  of  depth  indicates  that 
the  entire  change  has  occurred  during  the  last  century;  but  we  drop  this  hint  for  what  it  is  worth. 

Along  the  western  coast  of  Cape  Cod  Bay  there  are  several  fiords  similar  to  Plymouth,  but  of 
less  extent,  that  have  been  more  nearly  filled  up  with  the  sands  of  the  coast.  There  are  many 
thousand  acres  of  salt-meadow  in  Scituate  and  Marshfield  which  are  evidently  composed  of  silt  from 
the  outside  coast  where  the  high  glacial  bluffs  are  falling  a  prey  to  the  dash  of  the  sea,  but  the 
headlands  at  the  entrance  to  Plymouth  are  now  defended  by  the  bowlders  that  lie  at  their  feet,  so 
that  they  yield  very  slowly. 

The  Gurnet  headland  has  diminished  very  little  since  1774,  and  the  distance  from  it  to  Rocky 
Point  has  remained  about  the  same. 

We  have  generally  regarded  the  waves  as  the  primary  agents  for  the  supply  of  the  material 
filling  up  the  re-entrant  angles  of  our  coast,  not  only  in  their  direct  action  upon  the  glacial  cliffs, 
but  also  in  their  transporting  power  when  they  drive  diagonally  upon  the  shore ;  but  in  Cape  Cod 
Bay  there  is  a  curious  action  of  the  currents  that  we  must  not  ignore.  In  the  report  of  the  advisory 
council  of  the  joint  committee  of  the  Massachusetts  legislature,  on  the  Cape  Cod  ship-canal  (1860), 
it  is  stated  that  the  tidal  party  in  Cape  Cod  Bay  discovered  a  coastwise  current  which — 

Gave  peculiar  interest  to  the  observations.  This  current  sweeps  along  the  western  shore  of  the  bay,  pursuing  a 
northwardly  course ;  it  is  feeble  at  the  outlet  of  the  canal,  but  it  gathers  strength  farther  north  where,  according  to  the 
observations,  it  slackened  only  for  about  two  hours  at  the  time  of  most  rapid  rise  of  tide.  The  most  singular  feature, 
perhaps,  of  this  coast-curreut  that  fell  under  the  observer’s  notice  was  its  very  low  temperature  (in  summer). 

S.  Ex.  37 - 19 
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The  next  year  after  this  report  of  the  advisory  council  was  made,  the  same  party  of  Coa«t  Sur¬ 
vey  observers  made  further  investigations  upon  this  stream.  A  station  was  occupied  only  about 
four  miles  southeast  of  Rocky  Point  (the  southern  headland  of  Plymouth),  and  there  the  northerly 
movement  was  found  to  be  about  a  half  mile  per  hour  at  the  surface  and  but  little  less  than  this 
near  the  bottom,  84  feet  below,  a  velocity  quite  equal  to  the  rolling  of  sand. 

3d.  The  material  which  has  accumulated  in  the  entrance  to  the  main  ship-channel  of  Plymouth, 
and  in  the  ^'‘cu  de  sac^^  below  Brown’s  Bank,  has  been  brought  along  shore  from  the  northward  by 
storm  seas,  and  has  been  swept  from  tlie  southward  over  the  bed  of  Barnstable  Bay  by  a  current. 


Very  respectfully,  yours. 


HENRY  MITCHELL, 


Carlile  P.  Patterson, 


United  States  Coast  Survey. 


Superintendent  United  States  Coast  Survey^  WeLshington^  D.  C. 
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APPENDIX  No.  10. 

REPORT  UPON  THE  PHYSICAL  SURVEY  OF  NEW  YORK  HARBOR,  1876. 

There  liave  been  made,  during  the  progress  of  the  physical  surveys,  several  reports  upon  prac¬ 
tical  points  to  which  our  data  was  applicable,  hut  until  now  we  have  not  felt  able  to  make  a  general 
exhibit  of  our  results.  The  incidental  reports  referred  to  will  not -be  repeated  in  this,  and  we  shall, 
therefore,  mention  them  by  title  in  the  order  of  their  dates. 

“Method  of  Levelling  in  Tidal  Rivers.^  Appendix  No.  11.  Annual  Report  of  Coast  Survey 
for  1870. 

“Report  on  Buttermilk  Channel  and  Jersey  Flats, published  by  the  New  York  Commissioners 
of  Pilots,  1871. 

“The  Harbor  of  New  York:  its  Condition  May,  1873.”  Appendix  No.  8.  Coast  Survey  Re¬ 
port,  1871,  and  published  also  by  the  New  York  Chamber  of  Commerce  as  a  special  document  May, 
1873,  and  again  in  the  Annual  Report  of  the  Chamber  in  the  following  year. 

“  The  Middle  Ground  Shoal,  New  York  Harbor.”  Appendix  No.  16.  Coast  Survey  Report,  1872. 

“  Note  concerning  Changes  in  the  Submerged  Contours  off  Sandy  Hook.”  Appendix  No.  10. 
Coast  Survey  Report,  1873. 

The  soundings  that  have  been  taken  from  time  to  time  by  the  party  of  physical  hydrography 
under  my  charge  have  led  to  modifications  of  the  chart  of  New  York  Harbor ;  but  where  these 
modifications  have  been  shght  and  unassociated  with  any  observed  change  in  physical  conditions 
elsewhere,  the  chart  has  been  simply  corrected  at  the  office  without  comment. 

It  is  especially  the  currents  of  the  harbor  and  their  laws  that  have  been  my  study,  and  it  is  to 
place  the  results  numerically  upon  record  that  this  report  is  prepared.  The  tables  appended  do  not 
include  the  data  used  in  previous  reports  to  any  considerable  extent,  because,  in  the  general  sys¬ 
tem  designed  to  be  here  exhibited,  local  details  are  purposely  omitted. 

The  work  upon  currents  has  been  extended  over  the  upper  harbor  from  the  Narrows  to  Gutten- 
berg,  on  the  Hudson,  and  to  Astoria,  on  the  East  River.  It  has  necessarily  occupied  several  years, 
and  the  field-work  has  been  executed  only  in  summer  and  autumn.  There  are  probably  defects  in 
the  grouping  of  the  results  consequent  upon  the  want  of  continuity  in  the  operations,  but  it  is 
hoped  that  these  are  nowhere  so  great  as  to  impair  their  value  in  relation  to  the  location  of  harbor- 
lines  or  other  measures  for  protecting  the  harbor  from  undue  encroachments.  Our  work  has  been 
more  or  less  intimately  connected  with  the  proceedings  of  the  United  States  commission  on  the 
pier-lines  of  Brooklyn,  especially  in  the  East  River,  where  it  has  been  associated  with  somewhat 
similar  studies  by  General  John  Newton,  United  States  Engineers,  who,  with  yourself  and  General 
A.  A.  Humphreys,  compose  said  commission. 

The  general  purpose  reflected  in  the  tables  accompanying  this  report  is  a  comparison  between 
the  form  of  the  channel  and  the  order  of  the  forces  active  within  it.  The  profile  of  the  section, 
the  transverse  curve  of  velocity,  and  the  balance-imints  of  both  area  and  volume  form  the  elements 
upon  which  the  study  must  rest.  I  premise  that  if  the  bed  of  the  channel  were  alluvial,  the  form 
of  the  section  should  correspond  to  the  transverse  curve  of  velocities  of  current  (or  the  work  they 
represent) ;  in  other  words,  that  the  channel  is  molded  by  the  stream.  Conversely,  if  the  channel- 
bed  were  rocky,  it  should  subordinate  the  curve  of  velocities  in  more  or  less  degree,  so  as  to  make 
the  form  of  the  flow  take  somewhat  the  form  of  the  channel.*  In  New  York  Harbor  the  channel- 
beds  are  comimsite  in  character,  being  in  part  recent  deposit  and  in  part  original  firm  material. 

*  As  long  ago  as  1865  it  was  ascertained  which  current,  flood  or  ebb,  controlled  the  form  of  the  main  channel  off 
South  Boston  flats  by  comparisons  of  this  kind,  and  one  need  but  glance  at  the  diagram  attached  to  the  Tenth  Report 
of  the  United  States  Commission  on  Boston  Harbor”  to  be  satisfied  with  the  correctness  and  value  of  this  method. 
At  the  time  the  Boston  exj^eriments  were  made  it  was  a  matter  of  doubt  whether  it  was  proper  to  employ  the  first 
power  of  the  velocities,  or  the  second ;  the  latter  seeming  more  logical  since  work  was  represented.  I  used  the  first 
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It  is  evident  that  the  channels  as  they  now  exist  are  not  the  product  of  the  scour  of  tide- water, 
but  this  scour  nevertheless  maintains  them.  There  can  be  no  doubt  that  in  general  the  basins  and 
avenues  of  New  York  Harbor  antedate  the  action  of  rivers  and  tides  of  the  present  order,  but  these 
more  recent  forces  have  been  long  busy  in  removing  salients  and  filling  sheltered  angles,  so  that 
the  tendency  of  things  is  toward  a  form  of  section  that  shall  be  the  perfect  mould  of  the  belt  of 
effective  forces  within  it,  i.  e.,  suppose  that  0.50  feet  per  second  were  the  limit  below  which  no 
scour  would  occur,  the  filling  and  excavating  will  continue  till  the  stream  sweeps  every  part  of  its 
bed  with  this  velocity  of  current. 

It  is  a  part  of  the  plan  to  go  through  this  entire  set  of  observations,  and  determine  the  coefll- 
cients  required  to  place  the  curves  of  velocity  in  best  conformity  with  the  profile  of  section,  both 
for  flood  and  for  ebb.  Hoping  to  be  able  by  contrasting  alluvial  with  rocky  sections,  to  indicate 
where  changes  of  shore  line  would  be  harmless  or  even  beneficial,  and  where  such  changes  have 
been  prejudicial,  I  need  not  make  any  further  apology  for  withholding  derived  data,  since  you  are 
personally  familiar  with  the  labor,  often  misapplied,  which  such  studies  involve  on  the  way  to 
success.  It  will  be  an  advantage  to  have  these  tables  placed  in  print,  not  only  because  of  their 
direct  practical  usefulness  in  projects  that  constantly  arise,  but  because  they  will  be  then  in  con¬ 
venient  form  for  studies  leading  to  general  rules.  I  shall  proceed  to  describe  the  tables  and  the 
manner  of  their  compilation  in  detail. 

For  the  Hudson  and  for  East  River  I  regarded  the  surface-curve  of  velocities  as  typical  for  all 
depths — an  assumption  that  seemed  warrantable  firom  numerous  observations  made  below  the  sur¬ 
face — and  this  surface-curve  was  reduced  to  the  mean  by  applying  a  factor  determined  in  the  fol¬ 
lowing  manner :  At  a  section  off  Wall  street  in  the  East  River,  and  at  another  section  off  Forty-second 
street  in  the  Hudson,  continuous  observations  were  made  fi*om  shore  to  shore  through  an  entire 
tide,  and  from  top  to  bottom,  at  central  stations.  In  this  way  wo  actually  gauged  the  stream  in 
each  case  during  an  entire  ebb  and  during  an  entire  flood,  and  obtained  for  each  river  and  tide  a 
standard  volume  of  discharge  applicable  to  other  sections  in  the  neighborhood.  In  each  of  these 
other  sections  tu  the  neighborhood  we  observed  only  the  surface  velocities  and  the  depths  across 
the  stream  5  then,  by  comparison  with  the  standard  volume,  determined  the  local  factor  which 
should  reduce  the  transverse  curve  to  the  same  denomination  as  that  at  the  standard  section.  In  the 
Hudson,  I  have  preserved  thus  far  the  same  standard  volume,  but  in  the  East  River  I  modified  it  on 
discovering  that  the  discharge  increased  as  we  went  eastward  from  our  gauging-place  at  Wall-street 
ferry  and  through  the  BlackwelFs  Island  channels.  One  may  easily  see  how  this  may  occur.  Taking, 
for  instance,  the  simpler  case  of  a  short  arm  of  the  sea  closed  at  one  end,  the  tidal  volume  passing 
through  the  sections  increases  as  we  go  down  toward  the  sea,  both  for  flood  and  ebb,  because  the 
space  behind,  covered  by  tide-water,  increases.  As  the  East  River  was  open  at  both  ends,  I  was 
for  some  time  doubtful  in  which  direction  to  expect  this  increase,  or  whether  the  ebb  and  the  flood 
would  be  similarly  affected.  It  turned  out  that  the  volumes  both  for  flood  and  ebb  increased  going 
eastward  from  our  standard  section  off  Wall  street  toward  Hell  Gate,  indicating  that  the  East 
River  is  to  be  treated  as  if  it  were  the  only  mouth  of  New  York  Harbor,  and  that  the  words  ‘‘flood” 
and  “ebb”  as  popularly  applied  are  transposed  in  part. 

The  standard  volumes  used  for  the  East  River,  from  Wall  street  to  BlackwelFs  Island,  were 

power,  and  now  use  the  expression  -|-0i  sin  a,  in  which  v= velocity,  0  and  coefficients,  and  sin  a,  the  serpentine 
curve  for  the  entire  circle.  The  second  coefficient  is  that  for  resistance  of  bends.  I  found,  by  comparison  of  the  pro¬ 
files  of  the  cross-section  in  the  Lower  Mississippi  ffiver  with  the  transverse  curve  of  velocity,  that  it  was  necessary 
to  introduce  the  serpentine  (from  shore  to  shore)  to  make  the  two  conform.  At  the  same  high  stage  of  tlie  river,  the 
first  coefficient  0  remains  constant  whether  the  section  examined  be  the  main  stream  or  one  of  the  small  passes ;  the 
other  coefficient  varies  with  the  radius  of  cun^ature.  If  we  haA^e  not  velocities,  but  study  only  profiles  of  section, 

the  following  expressions  seem  to  develop  the  transverse  curve  of  depths:  X  =  ^  sin  a  and  y=~  cos  a-f  C sin  2a,  in 
which  W= width,  m  =  minor  axis  of  an  ellipse,  a  ==  central  angle  of  the  ellipse,  and  coefficient  varying  with 
the  radius  of  curvature  of  the  stream.  With  discharge  constant,  the  ellipse  remains  the  same;  i,  e.,  X  =  —  sin  a  and 

y  =  ^  cos  remain  constant.  By  adding  to  the  value  of  7,  a  third  element,  viz,  cos  4a,  a  still  closer  conformity  is 
obtained  at  a  considerable  bend. 

One  object  in  adding  this  long  foot-note  has  been  to  show  the  direction  of  our  studies  and  to  indicate  the  com¬ 
plexity  which  the  case  of  a  tidal  stream  offers  at  present. 
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974^266,000  on  flood  and  964,900,000  on  ebb.  In  Blackwell’s  Island  channels  we  used  1,085,383,000 
on  flood,  and  1,076,017,000  on  ebb. 

For  the  bay  below  Governor’s  Island,  where  there  is  a  counter-current  on  the  ebb  at  a  con¬ 
siderable  distance  below  the  surface  during  the  low- water  season,  we  corrected  our  surface-curve  so 
as  to  represent  mean  values  by  the  proportional  rise  or  fall  on  the  Governor’s  Island  gauge  during 
the  hour  of  maximum  velocity. 

That  the  method  of  computation  may  be  more  fully  understood  I  give  here  the  details  of  the 
work  upon  Section  XXXVI  in  the  Hudson  at  Sixty-fifth  street.  Here  the  distance  from  shore  to 
shore  is  4,208  feet,  and  in  this  distance  five  current-stations  were  occupied  during  the  strength  of 
the  flood  and  during  the  strength  of  the  ebb,  and  close  soundings  were  made  all  the  way  across. 

Our  first  step  in  computation  was  to  plot  on  profile-paper  the  observations  at  the  five  stations 
for  the  same  hour  of  maximum  drift.  In  this  plotting,  the  distances  fiwm  shore  were  made  the 
abscissse  and  the  velocities  of  current  the  ordinates.  A  smooth  curve  was  then  drawn  with  free¬ 
hand  through  the  extremities  or  the  ordinates  terminating  at  the  shore  or  wharf-firont.*  This  curve 
was  then  adopted  as  the  result  of  observation  and  equidistant  ordinates  were  taken  out  and  placed 
in  a  table  of  the  subjoined  form  (A) : 


SECTION  XXXVL— TABLE  A. 

Locality :  Hadsoii  River,  off  Sixty-fifth  street  Date,  September  3,  1875.  Standard  volumes :  Flood, 

1,230,610,907 ;  ebb,  2,009,004,765. 


FLOOD. 

RBB. 

S'S 

S'S 

7^  S 

7*  ® 

Maxim  nm  velocity. 

Maximum  velocity. 

® ’bI 

g 

Volumes. 

M'S 

Volumes. 

a 

(Observed.) 

5  1  g 

(Observed.) 

Mean  for 

p,  «  P 

Moan  for 

QO  P 
®  'g  1 

Observed. 

every 

Observed. 

every 

i  d 

100  feet. 

100  feet. 

il  1 

0.70 

0.85 

22. 

9 

11, 827, 000 

1. 10 

1.25 

ia2 

14, 582, 000 

1.20 

LIO 

25.4 

16, 976,000 

1.60 

1.50 

21.7 

19, 777, 000 

1.10 

A  AA 

0.85 

6.1 

3, 150, 000 

0.90 

n 

0.70 

2.4 

1,021,000 

U.  OU 

0.10 

0.35 

4.6 

978,000 

V# 

0.10 

0.30 

0.9 

164,000 

Total  V( 

olume . 

1, 702, 958, 000 

Total  volume  . . 

1, 849, 724,  000 

0 

100 
200 
300 
4,000 
4, 100 
4,200 


Factor  for  reduction  of  flood  velocities,  0.72;  for  ebb,  1.09. 

Notk. — The  standard  planes  are  4  feet  for  flood  and  0.3  feet  for  ebb  above  the  plane  of  mean  low 
water. 


In  the  column  of  ‘‘mean  depth”  of  Table  A  were  placed  the  soundings  reduced  to  “standard 
plane  ” — that  on  which  the  maximum  velocity  occurs  during  an  ordinary  tide.  The  next  step  in 
the  work  was  to  compute  what  would  have  been  the  volumes  passing  through  the  section  had  the 
observed  velocities  been  those  for  all  depths.  This  done,  the  volumes  of  flood  and  ebb  respectively 
were  summed  up,  and  by  division  with  standard  volume  the  factors  were  determined  which,  applied 
to  the  observed  velocities,  gave  the  entries  for  the  final  table  (which  appears  among  those  appende<l 
to  this  report)  as  those  which  would  have  been  obtained  directly  if  the  observations  had  all  been 
made  for  all  depths  during  an  average  tide.  In  this  way  it  was  designed  that  aU  the  appended 
tables  should  have  the  purport  of  simultaneous  work  under  average  conditions  and  mean  for  all 
depths. 

In  each  of  the  final  tables  you  will  observe  two  derived  data  denominated,  resi)ectively,  “mid- 

*  Instead  of  a  free-hand  curve  1  should  now  (since  experience  on  the  Mississippi  River  computations)  compute  the 
ellipse  best  fitting  these  five  (or  seven,  counting  shores  as  zero)  observed  velocities  reduced  to  the  scale  of  depths. 
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area^  and  “mid-volume.’^  The  first  of  these  is  the  distance  from  the  origin  at  which  a  vertical 
would  divide  in  halves  the  area  of  the  section,  and  the  second  of  these  is  the  distance  from  the 
origin  at  which  a  vertical  would  divide  the  passing  volumes  into  two  equal  parts.  As  these  two 
data  do  not  appear  in  any  previous  work  of  this  kind,  a  brief  explanation  of  their  use  may  be  prop¬ 
erly  inserted  here.  They  are  particularly  important  as  guides  in  the  allotment  of  privileges  of 
encroachment  from  either  shore,  and  one  may  be  used  to  the  exclusion  of  the  other  in  extreme 
cases  which  we  shall  name. 

1st.  Where  the  avenue  serves  no  important  purpose  as  a  channel  of  discharge  for  tides  or  river- 
floods,  “mtd-areu”  would  be  the  natural  point  toward  which  the  owners  on  either  shore  might 
equally  advance  to  that  extent  which  would  not  interfere  with  navigation. 

2d.  Where  the  capacity  of  the  avenue  must  be  maintained  principally  because  of  the  movement 
of  water  through  it — ^liable,  if  too  much  contracted,  to  overflow  the  banks,  excavate  the  bottom 
unduly,  or  interfere  with  the  maneuvering  of  vessels — mid-volume'^  would  properly  be  the  natural 
point  toward  which  shore-owners  might  bo  suffered  equally  to  advance  a  limited  distance. 

In  the  first  case  stated  above,  where  ^hnid-area^  is  exclusively  used,  it  would  seem  unjust  to 
regard  depths  below  the  possible  draught  of  ships,  and,  therefore,  in  computing  this  element,  the 
space  below  this  draught  might  properly  be  left  out. 

Instances  may  occur  where  (at  a  bend,  for  instance)  mid-volume^  is  so  far  from  ^^mid-area^^  or 
both  so  inconveniently  near  one  shore,  that,  with  the  hope  of  straightening  the  stream,  the  owner 
on  the  concave  side  might  be  encouraged  to  advance  at  the  expense  of  what  would  otherwise  be  the 
privilege  of  the  opposite  owner.  But  instances  like  this  present  exceptional  cases,  to  be  entertained 
as  they  appear  on  wider  premises  than  those  we  are  now  dealing  with. 

The  computations,  of  which  the  annexed  tables  are  but  a  r^umS,  were  made  by  Assistant  H. 
L.  Marindin,  Mr.  John  B.  Weir,  Mr.  Frank  W.  Ring,  and  myself.  To  the  first  two  belongs  the 
principal  credit  of  the  field-work,  which  was  executed  in  careful  accord  with  your  instructions  and 
my  advice. 

Respectfully  submitted. 

HENRY  MITCHELL, 

United  States  Coast  Survey. 

Cabllle  P.  Patterson, 

Superintendent  United  States  Coast  Survey j  Washington^  D.  C. 
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Position  of  origins  and  termini  of  sections  examined  in  1872-’73-’74-’76. 


Number  of  section. 

West  end. 

Bast  end. 

Remarks. 

Latitude. 

Longitude. 

Latitude. 

Longitude. 

o 

/ 

// 

o 

/ 

#/ 

o 

/ 

// 

o 

/ 

// 

40 

37 

3L1 

74 

04 

28.8 

40 

37 

43.5 

74 

02 

27.9 

In  Upper  Bay. 

40 

38 

20.4 

74 

04 

22.7 

40 

38 

07.6 

74 

02 

16.6 

Do. 

in . 

40 

30 

16.5 

74 

03 

56.5 

40 

38 

31.1 

74 

01 

47.6 

Do. 

IV . 

40 

40 

10.5 

74 

03 

30.3 

40 

39 

07.6 

74 

01 

16.  0 

Do. 

V . 

40 

40 

41.6 

74 

03 

02.1 

40 

40 

09.5 

74 

01 

09.5 

Do. 

VI . 

40 

41 

10.4 

74 

02 

37.6 

40 

40 

46.0 

74 

01 

09.6 

Do. 

vn . 

40 

41 

54.0 

74 

02 

22.4 

40 

41 

32.6 

74 

01 

14.0 

Do. 

Ym . . 

40 

42 

10.2 

74 

00 

10.3 

40 

41 

59.2 

73 

59 

57.3 

In  East  River. 

IX . 

40 

42 

23.4 

73 

50 

57.2 

40 

42 

12.9 

73 

59 

42.3 

Do. 

X . 

40 

42 

32.0 

73 

58 

50.2 

40 

42 

19.0 

73 

58 

49.3 

Do. 

XI . 

40 

42 

37.8 

73 

58 

4L6 

40 

42 

17.8 

73 

58 

26.8 

Do. 

xn . 

40 

42 

30.0 

73 

58 

37.6 

40 

42 

30.8 

73 

58 

14.8 

Do. 

xni . 

40 

43 

13.3 

73 

58 

25.0 

40 

43 

04.8 

73 

58 

02.4 

Do. 

xrv . 

40 

43 

20.0 

73 

58 

21.7 

40 

43 

1L4 

73 

67 

54.8 

Do. 

XV . 

40 

43 

33.0 

73 

58 

20.8  ^ 

40 

43 

35.4 

73 

67 

43.6 

Do. 

XVI . 

40 

43 

51.6 

73 

58 

27.2 

40 

43 

67.6 

73 

57 

4&6 

Do. 

xvn . 

40 

44 

25.5 

73 

58 

20.0 

40 

44 

06.0 

73 

57 

38.5 

Do. 

XV  111 . 

40 

44 

42.5 

73 

58 

14.8 

40 

44 

29.2 

73 

57 

40.9 

Do. 

YTX . 

40 

45 

04.2 

73 

57 

56.2 

40 

44 

51.5 

73 

57 

26.2 

Do. 

XX . 

40 

45 

03.0 

73 

57 

34.5 

40 

44 

55.8 

73 

67 

20.2 

Easterly  channel. . 

XX . 

40 

45 

1L4 

73 

57 

51.5 

40 

45 

04.7 

73 

57 

3ao 

Westerly  channel. 

XXI . 

40 

45 

17.5 

73 

57 

18.8 

40 

45 

1L9 

73 

57 

07.5 

Easterly  channel. . 

YYT . 

40 

45 

25.7 

73 

57 

36.1 

40 

45 

19.0 

73 

57 

23.8 

Westerly  channel. 

xxrr . 

40 

45 

32.0 

73 

57 

04.0 

40 

45 

27.5 

73 

56 

54.9 

Easterly  channel. . 

TYTT . 

40 

45 

30.3 

73 

57 

20.8 

40 

45 

34.8 

73 

57 

10.8 

Westerly  channel. 

xxm . 

40 

45 

48.1 

73 

56 

51.3 

40 

45 

43.8 

73 

56 

42.2 

Easterly  channel. . 

Yxnr . 

40 

45 

54.0 

73 

57 

06.7 

40 

45 

50.5 

73 

56 

57.6 

Westerly  channel 

XXIV . 

40 

46 

02.0 

73 

56 

38.0 

40 

45 

58.8 

73 

56 

30.3 

Easterly  channel. . 

xxrv . 

40 

46 

oa7 

73 

56 

54.0 

40 

46 

02.6 

73 

56 

46.3 

Westerly  channel. 

XXV . 

40 

46 

14.0 

73 

66 

28.8 

40 

46 

06.1 

73 

56 

13.2 

Easterly  channel. . 

XXV . 

40 

46 

20.0 

73 

66 

42.0 

40 

46 

16.5 

73 

56 

33.3 

Westerly  channel. 

XXVI . 

40 

42 

20.4 

74 

02 

02.4 

40 

42 

17.4 

74 

01 

10.8 

In  Hudson  River. 

xxvn . 

40 

42 

35.2 

74 

02 

05.6 

40 

42 

28.0 

74 

01 

05.8 

Do. 

xxvm . 

40 

43 

07.6 

74 

01 

50.3 

40 

43 

04.8 

74 

00 

56.2 

Do. 

XX  TX . 

40 

43 

4L8 

74 

01 

44.8 

40 

43 

37.8 

74 

00 

50.8 

Do. 

XXX . 

40 

44 

13.0 

74 

01 

32.6 

40 

44 

06.8 

74 

00 

45.4 

Do. 

XXXI . 

40 

44 

38.0 

74 

01 

24.4 

40 

44 

33.4 

74 

00 

43.4 

Do. 

XXXII . 

40 

44 

54.2 

74 

01 

20.6 

40 

44 

50.0 

74 

00 

40.2 

Do. 

XX  xm . 

40 

45 

36.0 

74 

01 

25.4 

40 

45 

15.6 

74 

00 

30.2 

Do. 

xxxrv . 

40 

46 

07.6 

74 

01 

0L6 

40 

45 

45.8 

74 

00 

10.8 

Do. 

XXXV . 

40 

46 

38.0 

74 

00 

32.8 

40 

46 

15.7 

73 

59 

42.8 

•  Do. 

XXXVI . 

40 

46 

56.2 

74 

00 

16.2 

40 

46 

35.7 

73 

59 

28.6 

Do. 

xxxvn . 

40 

47 

27.3 

73 

50 

57.8 

40 

47 

07.4 

73 

59 

oa4 

Do. 

Note. — The  positions  given  above  are  from  determinations  of  latitude  and  longitude  in  1875,  corresponding  to  the  position  of  New  York 
City  Hall,  latitude  40o  42^  43".57,  longitude  74°  0(H  28".71 ;  New  York  Trinity  Church  spire,  latitude  40°  42'  26".13,  longitude  74°  00'  44".85 ; 
Brooklj-n  City  Hall,  latitude  40°  41'  31".66,  longitude  73°  27".15. 
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EEPOET  OP  THE  SUPEEINTENDENT  OP 

Transverse  curves  of  velocity^  and  perimeters. 

SECTION  I. 


Distance  from  Staten  Island 
shore. 

Flood. 

Ehb. 

Eemarks. 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  standard 
plane  of  maximum 
velocity). 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  standard 
plane  of  max  imum 
velocity). 

NauL  miles 

Feet 

NaxU.  mUee 

Feet. 

per  hour. 

per  hour. 

0 

0.0 

S.Z 

0. 12 

4.4 

Latitude.  4(P  37'  31".  1 ;  longitude,  74<>  04'  28".8;  bulkhead. 

200 

0.10 

10.3 

0.27 

6.4 

400 

0.18 

10.3 

0.45 

6.4 

600 

0.20 

15.3 

0.60 

11.4 

800 

0.31 

15.3 

0.73 

11.4 

1,000 

0.41 

22.3 

0. 91 

18.4 

1,200 

0. 72 

26.3 

1.09 

22.4 

1,400 

0.94 

27.3 

1.23 

23.4 

1,600 

1.15 

34.3 

1.50 

30.4 

1,800 

L34 

38.3 

1.61 

34.4 

2,000 

1.44 

44.3 

1.61 

40.4 

2,200 

L54 

51.3 

1. 70 

47.4 

2, 400 

L57 

51.3 

1.78 

47.4 

2,600 

L63 

58.3 

1.80 

54.4 

2.800 

1.65 

57.3 

1.84 

53.4 

3,000 

1.65 

57.3 

1.86 

53.4 

3,200 

1.65 

57.3 

1.90 

53.4 

3,400 

1.65 

57.8 

1.91 

53.4 

3,600 

1.63 

57.3 

1.92 

53.4 

3,800 

1.67 

57.3 

1.92 

53.4 

4,000 

1.(38 

52.3 

1.92 

48.4 

Area  of  section :  Flood,  360,228  square  feet ;  ebb,  323,479 

4,200 

1. 70 

52.3 

1.92 

48.4 

square  feet. 

4,400 

L68 

51.3 

1.92 

47.4 

Mid-area,  or  distance,  frem  the  origin,  of  a  vertical  line 

4,800 

L67 

IHI*  M 

50.3 

1.90 

46.4 

which  divides  the  section  into  two  equal  areas  =  4,440feet 

5,000 

L67 

47.8 

1.82 

43.4 

Mid-volume,  or  distance,  from  the  origin,  of  a  vertical  line 

5,200 

1.66 

43.3 

1.80 

39.4 

which  divides  the  volume  passing  through  the  section  into 

5,400 

1.66 

42.3 

1.80 

38.4 

two  equal  parts » flood,  4,422  feet;  ebb,  4,381  feet. 

5,600 

1.66 

41.3 

1.80 

87.4 

5,800 

1.66 

38.3 

L77 

34.4 

6,000 

1.65 

85.3 

1.74 

31.4 

6,200 

1.54 

34.3 

1.68 

30.4 

6,400  ’ 

1.53 

32.3 

1.68 

28.4 

6,600 

1.53 

31.3 

1.64 

27.4 

6,800 

1.53 

31.3 

1.62 

27.4 

7,000 

1.53 

32.3 

1.59 

28.4 

7,200 

1.52 

33.3 

1.59 

29.4 

7, 400 

1.52 

33.3 

1.61 

29.4 

7,600 

1.52 

33.3 

1.58 

29.4 

7,800 

1.52 

37.3 

L58 

33.4 

8,000 

1.46 

37.3 

1.56 

33.4 

8,200 

L25 

37.3 

1.53 

33.4 

8,400 

1. 15 

38.3 

1. 46 

34.4 

8,600 

0.93 

36.3 

1. 42 

32.4 

8,800 

0.72 

3L3 

L32 

27.4 

9,000 

0.43 

32.3 

1.20 

28.4 

9,200 

0.13 

24.3 

0.86 

20.4 

9,400 

0.00 

14.3 

0.00 

10.4 

Shore  line  of  Long  Island. 

9, 423 

0.0 

3.9 

0.00 

0.0 

'Latitude,  40o  37'  43".5;  longitude,  74°  02'  27".9. 
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Transverse  curves  of  velocity^  and  perimeters — Continued. 

SECTION  U. 


1 

Flood. 

Ebb. 

f 

1  ^ 

1 

1  § 

11 

|l 

*  a  ^ 

1*  1 

M  a 
►  s 

i| 

iL 

Remarks. 

s 

i  1 

1  o 

i| 

5,  o 

-9 

axlm 

(rodn 

tide) 

5  1  ^ 

f*  ft  ► 

.§  'C  '© 

S 

©  u 

til 

©  ft 

1  ^ 

n 

a 

NauL  miles 

Feet 

NauL  miles 

Feet. 

1 

per  hour. 

per  hour. 

0 

0.57 

24.0 

0.15 

20.5 

Latitude,  i(P  38'  20".4 ;  longitude,  74°  04'  22".7. 

200 

L04 

23.0 

0. 32 

19.5 

1  400 

L28 

35.0 

0.55 

8L5 

1  000 

L40 

38.0 

0.60 

34.5 

1  800 

L42 

40.0 

0.72 

3a5 

1  1,000 

1.47 

39.0 

0.80 

35.5 

1,200 

1.52 

41.0 

1.00 

37.5 

1,400 

1.58 

44.0 

1. 10 

40.5 

1,000 

1,53 

45.0 

L20 

41.5 

1,800 

1.54 

44.0 

1.40 

40.5 

2,000 

1.54 

48.0 

1.47 

44.5 

2,200 

L5S 

55.0 

1.68 

51.5 

2,400 

L50 

59.0 

1.80 

55.5 

2,600 

1.50 

58.0 

1.90 

54.5 

2,800 

1.61 

61.0 

2.00 

57.5 

8.000 

L61 

59.0 

2.12 

55.5 

3,200 

1.61 

61.0 

2.27 

57.5 

3,400 

1.61 

57.0 

2.32 

53.5 

8,600 

L50 

57,0 

2.30 

53.5 

3,800 

L56 

53.0 

2.27 

49.5 

4,000 

L54 

53.0 

2.20 

49.5 

4,200 

L56 

45.0 

2.10 

41.5 

Area  of  section:  Flood,  368, 564  square  feet;  ebb,  334,149 

4,400 

L61 

47.0 

2.00 

43.5 

square  feet. 

4,600 

1.63 

47.0 

1.93 

43.5 

*  Mid-area,  or  distance,  from  the  origin,  of  a  vertical  line 

4,800 

6,000 

L  63 

1.68 

34.0 

35.0 

1.90 

L82 

30.5 

31.5 

which  divides  the  section  into  two  equal  area8  =  3,790  feet. 

5,200 

1. 70 

35.0 

1.73 

31.5 

Mid- volume,  or  distance,  from  the  origin,  of  a  vertical 

5,400 

L66 

80.0 

1.62 

2a5 

line  which  divides  the  volume  passing  through  the  section 

5,600 

L61  1 

30.0 

1.58 

2a  5 

into  two  equal  parts=flood,  3,689  feet;  ebb,  3,814  feet. 

5,800 

L56 

27.0 

1.50 

23.6 

•  6,000 

1.52 

27.0 

1.42 

23.5 

6,200 

1.42 

26.0 

1.32 

22.5 

6,400 

L37 

25.0 

1.30 

21.5 

6,600 

1.33 

2&0 

1.28 

24.5 

6,800 

1.25 

28.0 

1.28 

24.5 

7,000 

1.23 

24.0 

1.28 

20.5 

7,200 

L23 

2ao 

L28 

24.5 

7,400 

1.21 

30.0 

L29 

2a5 

7,600 

L19 

31.0 

1.30 

27.6 

7,800 

L16 

280 

1. 80 

24.5 

8,000 

1.14 

31.0 

1. 32 

27.5 

8,200 

L14 

31.0 

L38 

27.5 

8»400 

1.09 

34.0 

1.39 

80.5 

8,600 

L02 

89.0 

1.32 

35.5 

8,800 

0.05 

89.0 

L20 

35.5 

9,000 

0.84 

80.0 

0.90 

2a5 

9,200 

0.65 

26.0 

0.54 

22.5 

9,400 

0.88 

17.0 

0.00 

18  5 

9,600 

0.00 

ao 

aoo 

2.5 

9,888 

aoo 

4,6 

0.00 

a5 

Latitude,  400  88'  07".6;  longitude,  74^  02'  16".a 

S.  Ex.  37 - 20 
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Transverse  curves  of  velocity^  and  perimeters — Continued. 

SECTION  III. 


Distance  from  origin. 

Flood. 

Ebb. 

Remarks. 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  standard 
plane  of  maximum 
velocity). 

Maximum  velocity 
(re<luced  to  mean 
tide). 

Depth  (at  standard 
plane  of  maximum 
velocity). 

Naut  miles 

Feet. 

Naut  miles 

Feet. 

per  hour. 

per  hour. 

0 

L26 

16.2 

0. 49 

11.0 

Latitude,  40°  39'  16".5 ;  longitude,  74°  03'  66".5. 

200 

1.43 

16.2 

0.69 

ILO 

400 

L55 

19.2 

0.86 

14.0 

600 

1.63 

28.2 

L02 

23.0 

800 

L68 

34.2 

1. 17 

29.0 

1,000 

1. 70 

51.2 

L20 

46.0 

1,200 

1. 71 

55.2 

1.40 

50.0 

1,400 

L70 

60.2 

1.60 

55.0 

1,600 

1.60 

61.2  • 

1.59 

56.0 

1,800 

L67 

6L2 

L67 

56.0 

2,000 

1.66 

53.2 

1. 74 

4ao 

2,200 

L63 

51.2 

1. 79 

46.0 

2, 400 

1.62 

49.2 

L84 

44.0 

2,600 

L60 

45.2 

L87 

40.0 

2,800 

1.58 

46.2 

1.89 

40.0 

3,000 

L57 

42.2 

L90 

37.0 

3,200 

1.55 

41.2 

1.90 

36.0 

3,400 

1,54 

38.2 

1.90 

33.0 

3,600 

L52 

36.2 

1.88 

31.0 

3,800 

1.50 

36.2 

1.87 

31.0 

4,000 

L49 

41.2 

1.85 

36.0 

4,200 

1.47 

35.2 

1. 81 

30.0 

4,400 

L46 

33.2 

1.77 

2ao 

4,600 

1.44 

3L2 

1.74 

2a  0 

4,800 

L43 

3L2 

1.68 

26.0 

5,000 

1.40 

2a2 

1.64 

23.0 

Area  of  section :  Flood,  348,894  square  feet ;  ebb,  292,064 

5,200 

L38 

3L2 

1.66 

2ao- 

square  feet. 

5,400 

1.36 

2&2 

1.52 

23.0 

Mid-area,  or  distance,  fh)m  the  origin,  of  a  vertical  line 

5,600 

1.36 

2&2 

1.47 

23.0 

which  divides  the  section  into  two  equal  hreas— 3,892  feet. 

5,800 

1. 36 

26.2 

1. 36 

20.0 

6,000 

1,32 

25.2 

1.28 

W.Q 

Mid-volume,  or  distance,  ftum  the  origin  of  a  vertical 

6,200 

L32 

24.2 

1. 16 

19.0 

line  which  clivides  the  volume  passing  through  the  section 

6,400 

L28 

23.2 

1.04 

lao 

into  two  equal  parts= flood,  3,214  feet ;  ebb,  3, 246  feet. 

6,600 

L26 

22.2 

0.96 

17.0 

• 

6,800 

1.24 

22.2 

0.84 

17.0 

7,000 

1,20 

22.2 

0.76 

17.0 

7,200 

1. 18 

*  20.2 

0.72 

lao 

7,400 

1.12 

20.2 

0.64  ! 

lao 

7,600 

1.09 

22.2 

0.60 

17.0 

7,800 

1.06 

25.2 

0.56 

20.0 

8,000 

LOO 

24.2 

0.48 

19.0 

8,200 

0.96 

27.2 

0.48 

22.0 

8,400 

0.03 

34.2 

0.40 

29.0 

8,600 

0.84 

40.2 

0.36 

35.0 

&800 

0.76 

39.2 

0.32 

34.0 

9,000 

0.76 

38.2 

0.32 

33.0 

0,200 

0.64 

37.2 

0.28 

32.0 

9,400 

0.56 

29.2 

0.24 

24.0 

0,600 

0.48 

28.2 

0.20 

23.0 

0,800 

0.40 

22.2 

0.16 

17.0 

10,000 

0.32 

ia2 

0.12 

lao 

10,200 

0.20 

11.2 

0.08 

6.0 

10,400 

0.14 

a2 

0.00 

3.0 

10,600 

0.04 

7.2 

0.00 

2.0 

10,800 

0.00 

a2 

0.00 

LO 

10,920 

0.00 

5.2 

0.00 

0.0 

Latitude,  40o  38'  31".l ;  longitude,  74°  01'  47".a 
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Tramverse  curves  of  velocity ^  and  perimeters — Continued. 

SECTION  IV. 


Distance  from  origin. 

Flood. 

Ebb. 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  standard 
plane  of  maTiinimi 
velocity). 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  standard 
plane  of  maximum 
velocity>. 

Remarks. 

NcntLn^Uet 

Feet 

NauL  miles 

Feet. 

per  hour. 

per  hour. 

0 

0.51 

10.8 

0.09 

5.6 

Latitude,  40°  40^  19^'.6 ;  longitude,  74°  03'  30".3. 

200 

0.65 

y.3 

0.17 

6.0 

400 

0.60 

11.3 

0.25 

6.0 

600 

0.64 

16.8 

0.36 

1L5 

800 

0.70 

17.8 

0,49 

12.5 

1,000 

0.76 

2L8 

0.66 

16.5 

1,200 

0.84 

24.8 

0. 91 

19.5 

1,400 

0.95 

33.8 

1.30 

28.5 

1,600 

1.07 

42.8 

1.57 

37.5 

1,800 

1. 13 

44.8 

1. 72 

39.5 

2,000 

1. 15 

48.8 

1. 79 

43.5 

2,200 

L15 

54.8 

L84 

49.5 

2,400 

L14 

66.8 

1.87 

51.5 

2,600 

L13 

59.8 

1.89 

54.5 

2,800 

LU 

57.8 

1.89 

52.5 

3,000 

1.1C 

5a8 

1.90 

53.5 

3,200 

1.00 

58.8 

1.90 

53.5 

3,400 

1.07 

5a8 

1.90 

53.5 

3,600 

1.06 

57.8 

1.90 

52.5 

3,800 

1.05 

57.8 

1.91 

52.5 

4,000 

1.03 

52.8 

1.92 

47.6 

4,200 

L02 

42.8 

1.93 

37.5 

4,400 

LOl 

38.8 

L92 

33.5 

4,600 

0.99 

88.8 

1.92 

33.5 

Area  of  section:  Flood,  375,624  square  feet;  ebb,  308,542 

4,»)0 

0.98 

37.8 

1.90 

32.5 

square  feet. 

5,000 

0.96 

32.8 

1.86 

27.5 

Mid-ar^  or  distance,  from  the  origin,  of  a  vertical  lino 

5,200 

0.95 

31.8 

1. 78 

26.5 

which  divides  the  section  into  two  equal  areas=4,240  feet. 

5,400 

0.94 

31.8 

1.67 

26.5 

5,600 

0.91 

30.8 

1.54 

25.5 

Mid- volume,  or  distance,  from  the  origin, of  a  vertical  line 

5,800 

0.90 

28.8 

1.41 

23.5 

which  divides  the  volume  passing  through  the  section  into 

6,000 

0.88 

28.8 

1.30 

23.5 

two  equal  parts » flood,  3,897  feet ;  ebb,  3,826  feet. 

6,200 

0.86 

25.8 

1.23 

20.5 

6,400 

0.85 

24.8 

1. 17 

19.5 

• 

6,600 

0.83 

24.8 

1. 12 

19.5 

6,800 

0.80 

23.4 

1.09 

18.5 

7,000 

0.79 

24.8 

1.06 

19.0 

7,200 

0.79 

22.8 

1.05 

17.5 

7,400 

0.77 

22.8 

1.04 

17.5 

7.000 

0.76 

22.8 

1.03 

17.5 

7,800 

0.76 

21.8  * 

1.02 

ia5 

8,000 

0.75 

22.8 

1. 01 

17.5 

8,200 

0.74 

20.8 

1.01 

15.5 

8,400 

*0.75 

21.8 

1.00 

lao 

8.600 

0.72 

ia8 

1.00 

13.5 

8,800 

0.72 

18.3 

1.00 

13.0 

0,000 

0.70 

18.3 

0.99 

13.0 

0,200 

0.70 

ia3 

0.98 

lao 

0,400 

0.70 

1&8 

0.97 

13.5 

0,600 

a69 

ia8 

0.97 

13.5 

’ 

0,800 

0.69 

ia8 

0.96 

13.5 

10.000 

0.69 

17.8 

0.94 

12.5 

10,200 

0.66 

22.8 

a  91 

17.5 
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Tramverse  curves  of  velocity^  and  perimeters — Continued. 

SECTION  IV— Continued. 


Distance  from  origin. 

Flood. 

Ebb. 

Remarks. 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  standard 
plane  of  maximum 
velocity). 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  standard 
plane  of  maximum 
velocity). 

NauL  miles 

Feet 

Naut.  miles 

Feet 

per  hour. 

per  hour. 

10, 400 

0.64 

23.8 

0.89 

18.5 

10,600 

0.62 

27.8 

0.86 

22.6 

10,800 

0.60 

26.8 

0.82 

21.5 

Area  of  section :  Flood,  375,624  square  feet ;  ebb,  308,642 

11,000 

0.58 

26.8 

0.77 

21.6 

square  feet. 

11,200 

0.53 

23.3 

0.72 

18.0 

Mid-area,  or  distance,  from  the  origin,  of  a  vertical  Ihie 

11,400 

0.48 

20.8 

0.60 

15. 5 

which  divides  the  section  into  two  equal  areas=4,240  feet. 

11,600 

0.43 

19.8 

0.60 

14.5 

11, 800 

0.37 

19.8 

0.53 

14.5 

Mid- volume,  or  distance,  frum  the  origin,  of  a  vortical 

12,000 

0.29 

16.8 

0.44 

11.5 

lino  which  divides  the  volume  passing  through  the  section 

12,200 

0.20 

12.8 

0.32 

7.6 

into  two  equal  parts  => flood,  3,897  feet;  ebb,  3,826  feet. 

12,400 

0.08 

7.8 

0.21 

2.5 

12,600 

—0.06 

7.8 

0.05 

2.5 

12,667 

—0.08 

7.8 

0.00 

2.6 

Latitude,  40°  SV  07".6i  longitude,  74o  0ri6".0. 
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Transverse  curves  of  velocity^  and  perimeters — Continued. 

SECTION  V. 


4* 

1 

1 

Flood. 

Ebb. 

Remarks. 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  standard 
plane  of  maximum 
velocity). 

Maximum  velocity 
(reduced  to  memi 
tide). 

11 

u 

til 

^  o.> 

NawL  miles 

Feet. 

Ifaut.  miles 

Feet. 

per  hour. 

per  hour. 

0 

1.03 

14.5 

1.73 

10.5 

La^tude,  40°  40^  41".6;  longitude,  74°  03'  02".l. 

200 

1.00 

14.5 

1.86 

10.5 

400 

0.97 

13.5 

L94 

0.5 

600 

0.00 

19.5 

1.90 

15.5 

800 

0.97 

17.5 

2.00 

13.5 

1,000 

1.01 

30.5 

L98 

26.5 

1,200 

LIO 

45.5 

1.92 

4L6 

1,400 

1.20 

51.5 

1.87 

47.5 

1,600 

L27 

53.5 

1.83 

49.5 

1,800 

1.33 

56.5 

1.82 

52.5 

2,000 

L36 

62.5 

1.84 

58.5 

2,200 

1.38 

61.5 

1.88 

57.5 

2,400 

1.89 

67.5 

L97 

53.5 

2,600 

L39 

57.5 

2.03 

53.5 

2,800 

L38 

57.5 

2.10 

53.5 

8,000 

L37 

58.5 

2.15 

54.5 

8,200 

1.34 

57.5 

2.17 

53.5 

3,400 

1.82 

50.5 

2.19 

46.5 

3,600 

L29 

43.5 

2.19 

30.5 

8,800 

L24 

42.5 

2.17 

3a5 

4,000 

L20 

40.5 

2.15 

36.5 

Area  of  section:  Flood,  313,200  square  feet;  ebb,  276,200 

4,200 

Lie 

84.5 

2.11 

30.5 

square  feet. 

4,400 

Lll 

34.5 

2.05 

30.5 

4,600 

L07 

35.5 

1.99 

31.5 

Mid-area,  or  distance,  from  the  origin,  of  a  vertical  line 

4,800 

L03 

33.5 

LOl 

29.5 

which  divides  the  section  into  two  equal  areas =3,450  feet 

5,000 

0.09 

86.5 

1. 81 

32.5 

Mid-volume,  or  distance,  from  the  origin,  of  a  vertical 

5,200 

0.96 

8L6 

L73 

27.5 

line  which  divides  the  volume  passing  through  the  sec¬ 

5,400 

a93 

29.5 

1.61 

25.5 

tion  into  two  equal  i>arts=  flood,  3, 219  feet;  ebb,  3,252  feet 

5,600 

0.01 

81.5 

L51 

27.5 

5,800 

0.90 

32.5 

L44 

28.5 

6v000 

0.89 

32.5 

L38 

2&5 

6v200 

0.88 

32.5 

L34 

28.5 

6v400 

0.87 

30.5 

1.30 

26.6 

6v600 

0.87 

26.5 

1.28 

22.5 

6v800 

0.88 

26.5 

1.27 

22.5 

7,000 

aso 

22.5 

L26 

1&5 

7,200 

0.90 

21.5 

L26 

17.5 

7,400 

0.90 

18.5 

1.27 

14.5 

7,600 

0.91 

17.5 

L28 

13.5 

7,800 

a92 

17.5 

L20 

13.5 

8,000 

a93 

16.5 

L31 

12.5 

8,200 

0.94 

15.5 

L34 

11.5 

• 

8.400 

0.95 

15.5 

L38 

1L5 

8,600 

a96 

22.5 

L42 

18.5 

8,800 

0.96 

23.5 

L46 

19.5 

9,000 

0.07 

20.5 

L50 

16.5 

9,200 

aos 

10.5 

L53 

6.5 

8^250 

aos 

6.5 

L55 

2.5 

Latitude,  40o  40'  09".5;  longitude,  74o  01'  09".5. 
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Transverse  curves  of  velocity^  and  perimeters — Continued. 

SECTION  VI. 


4 

•c 

o 

Q 

i 

9 

9 

1 

« 

s 

Flood. 

Ebb. 

Kemarks. 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  standard 
plane  of  maximum 
velocity). 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  standard 
plane  of  maximum 
velocity). 

Xaut.  miUa 

Feet. 

Naut.  miles 

Feet. 

per  hour. 

per  hour. 

0 

—0.11 

9.1 

1.48 

4.3 

Latitude,  40°  41'  19".4;  longitude,  74°  02'  37".6. 

200 

0.06 

16.6 

1.56 

ll'.S 

400 

0. 31 

23.1 

1.63 

18.3 

600 

0.63 

23.1 

1. 70 

18.3 

800 

0.85 

28.1 

L75 

23.3 

1,000 

1.00 

33.1 

L78 

2&3 

1,  200 

L07 

43.1 

1.85 

3a3 

• 

1, 400 

1. 18 

43.1 

1.85 

3a3 

1,600 

1.24 

52.1 

1.86 

47.3 

1,800 

1.28 

55.1 

1.87 

50.3 

2,000 

1.  31 

6L1 

1.88 

56.3 

2,200 

1.33 

65.1 

L88 

60.3 

2,400 

1.35 

67.1 

L88 

62.3 

2,600 

1.  36 

72.1 

1.88 

67.3  ' 

2,800 

1. 38 

75.1 

1.87 

70.3 

3,000 

1.39 

75.1 

1.86 

70.3 

3,200 

1. 41 

62.1 

1.85 

57.3 

Area  of  section :  Flood,  311,814  square  feet  ebb,  275,603 

3,400 

1. 41 

60.1 

1.85 

55.3 

Hfiuare  feet. 

3,600 

1. 41 

55.1 

1.80 

50.3 

Mid-area,  or  distance,  from  the  origin,  of  a  vertical  line 

3, 800 

1.  41 

43.1 

1.77 

sas 

which  divides  the  section  into  two  equal  area8=3,180  feet. 

4,000 

1.40 

40.1 

1. 75 

3o.  3 

Mid-volume,  or  distance,  from  the  origin,  of  a  vertical 

4,200 

1.37 

36.1 

1. 72 

31.3 

line  which  divides  the  volume  passing  through  the  sec¬ 

4,400 

1.30 

33.1 

1.69 

28.3 

tion  into  two  equal  parts=flood,  3,251  feet;  ebb,  3,037  feet 

4,600 

1.24 

32.1 

1.66 

27.3 

4,800 

1.16 

29.1 

1.63 

24.3 

5,000 

1.13 

28.1 

1.62 

23.3 

5,200 

1. 10 

26.1 

1.58 

21.3 

5,400 

1.08 

41.1 

L67 

36.3 

5,600 

1.06 

40.1 

1.54 

35.3 

5,800 

1.06 

45.1 

*  L51 

40.0 

6,000 

1.06 

54.1 

L49 

49.0 

6,200 

1.08 

52.1 

1. 46 

47.3 

6,400 

1. 09 

42.1 

1.44 

37.3 

6,600 

1. 10 

30.1 

L42 

25.3 

6,800 

1. 10 

23.1 

1.39 

ia3 

7,000 

1.09 

lai 

1.36 

13.3 

7,200  ! 

1.06 

15.1 

1.34 

10.3 

7, 400 

1.07 

14.1 

L32 

9.3 

7,544 

0.97 

ILl 

L29 

6.3 

Latitude,  40o  40'  46".0;  longitude,  74°  01'  09".6. 
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Transverse  curves  of  velocity,  and  perimeters — Continued. 

SECTkJn  VII. 


1 

s 

1 

5 

Flood. 

Ebb. 

Remarks. 

Maximnni  velocity 
(reduced  to  mean 
tide). 

Depth  (at  standard 
plane  of  maximum 
velocity). 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  standard 
plane  of  maximum 
velocitj'). 

Naut  miles 

Feet. 

Naut  miles 

Feet 

per  hour. 

per  hour. 

0 

0.27 

.5.8 

0.00 

0.0 

LaUtude,  40°  iV  54".0 ;  longitude,  74°  02'  22".4. 

200 

0.40 

8.3 

0.16 

2.5 

400 

0.50 

13.8 

0.39 

ao 

eoo 

0.56 

19.8 

0.72 

14.0 

800 

0.63 

19.8 

0.98 

14.0 

1,000 

0.64 

22.8 

L16 

17.0 

1,200 

0.66 

27.8 

1.23  - 

22.0 

1,400 

0.68 

28.8 

1.30 

23.0 

1,600 

0.72 

3L8 

1.45 

2a  0 

1,800 

0.77 

34.8 

L53 

29.0 

2,000 

0.83 

37.8 

1.63 

32.0 

2,200 

0.92 

45.8 

1.74 

40.0 

Area  of  section :  Flood,  287,378  square  feet ;  ebb,  254,504 

2,400 

L04 

4a  8 

L86 

41.0 

square  feet. 

2,600 

53.8 

L98 

4a  0  ' 

2,800 

L24 

72.8 

2.09 

67.0 

Mid-area,  or  distance,  from  the  origin,  of  a  vertical  line 

3,000 

L31 

89.8 

2.15 

84.0 

'which  divides  the  section  into  two  equal  areas =3, 500  feet. 

3,200 

1.36 

8a8 

2.18 

83.0 

Mid- volume,  or  distance,  from  the  origin,  of  a  vertical 

3,400 

1.38 

88.8 

2.18 

83.0 

line  which  divides  the  volume  passing  through  the  section 

3,600 

1.37 

90.8 

2.17 

85.0 

into  two  equsd  parts  =  flood,  3,601  feet;  ebb,  3,519  feet. 

8,800 

L34 

85.8 

2.13 

80.0 

4,000  1 

L27 

93.8 

2.08 

8ao 

4,200 

L22 

92.8 

2.00 

87.0 

4,400 

L21 

83.8 

^  L91 

7a  0 

4,600 

1. 21 

74.8 

L79 

69.0 

4,800 

1.24 

63.8 

1.66 

5a  0 

5,000 

L32 

45.8 

1.  51 

46.0 

5,200 

L38 

35.8 

L30 

30.0 

5,400 

1.37 

25.8 

1.05 

20.0 

5,600 

Lll 

11.8 

0.49 

ao 

5,668 

0.00 

5.8 

0.00 

0.0 

LaUtude,  40^  41'  32".6;  longitude,  74°  01'  14".0. 
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Transverse  curves  of  velocity^  and  perimeters — Continued. 

SECTION  VIII. 


Distance  from  Brooklyn 
side. 

Flood. 

Ebb. 

Remarks. 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  standard 
plane  of  maximum 
velocity). 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  standard 
plane  of  maximum 
velocity). 

Naut,  miles 

Feet 

Naut  miles 

Feet 

per  hour. 

perhou/T. 

0 

0.61 

26.4 

—0.31 

22.7 

Latitude,  40°  41'  59".2 ;  longitude,  73°  59'  57".8. 

100 

0.98 

51.6 

0.08 

47.9 

200 

1. 31 

49.9 

0.21 

46.2 

300 

1.53 

47.1 

0.57 

43.4 

400 

L74 

44.9 

0.98 

41.2 

500 

L92 

44.4 

1.43 

40.7 

600 

2.10 

45.4 

1.83 

41.7 

700 

2.22 

46.7 

2.16 

43.0 

Area  of  section :  Flood.  93,750  sqnm«  feet ;  ebb,  86,350 

800 

2.32 

47.4 

2.36 

43.7 

square  feet. 

900 

2.33 

48.8 

2.52 

45.1 

Mid-area,  or  distance,  firom  the  origin,  of  a  vertical  line 

1,000 

2.32 

47.9 

2.59 

44.2 

which  divides  the  section  into  two  equal  areas = 1,013  feet. 

1,100 

2.25 

40.7 

2.62 

46.0 

Mid-volume,  or  distance,  from  the  origin,  of  a  vertical 

1,200 

2.13 

52.4 

2.62 

48.7 

line  which  divides  the  volume  passing  through  the  section 

1,300 

L98 

53.0 

2.59 

49.3 

into  two  equal  parts  =  flood,  965  feet ;  ebb,  1,182  feet. 

1,400 

1.81 

52.4 

2.54 

48.7 

1,500 

1.61 

52.8 

2.46 

49.1 

1,600 

L40 

51.5 

2.32 

47.8 

1,700 

1.15 

46.9 

2.16 

43.2 

1,800 

0.90 

4L4 

1.93 

37.7 

1,900 

0.63 

35.3 

L62 

31.6 

2,000 

0.05 

29.8 

1.26 

26.1 

Latitude,  i(P  42'  10". 2;  longitude,  74°  00'  19".3. 

SECTION  IX. 


0 

L85 

50.0 

0.26 

46.3 

Latitude,  40®  42'  12. "9;  longitude,  73°  59'  42".3. 

100 

1.89 

51.0 

1.32 

47.3 

200 

1.95 

52.0 

1.65 

4a  3 

300 

2.09 

52.3 

L86 

4a  6 

400 

2.16 

52.9 

2.27 

49.2 

500 

2.16 

57.5 

2.41 

53.8 

Area  of  section:  Flood,  82,766  square  feet;  ebb,  77,068 

600 

2.13 

64.0 

2.51 

60.3 

square  feet. 

700 

2.09 

63.3 

2.56 

59.6 

Mid-area,  or  distance,  frx>m  the  origin,  of  a  vertical  line 

800 

2.05 

62.0 

2.56 

58.3 

which  divides  the  section  into  two  equal  areaB=740  feet. 

900 

2.00 

61.2 

2.49 

57.5 

Mid-volume,  or  distance,  ftrom  the  origin,  of  a  vertical 

1,000 

L95 

60.5 

2.35 

5a8 

line  which  divides  the  volume  passing  through  the  sec¬ 

1, 100 

1.92 

58.9 

2.18 

55.2 

tion  into  two  equal  parts=flood,  700  feet;  ebb,  753  feet. 

1,200 

1.84 

54.7 

1.97 

51.0 

1,300 

1.63 

4&9 

L70 

45.2 

1,400 

1.33 

34.7 

1.42 

31.0 

1,500 

0.96 

32.5 

LIO 

2a8 

1,540 

0.74 

30.3 

0.90 

26.6 

Latitude,  40°  42'  23".4 ;  longitude,  73°  59'  57".2. 
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Transverse  curves  of  velocity and  perimeters — Continued. 

SECTION  X. 


Flood. 

Ebb. 

Distance  from  Biw 
side. 

Maximnin  velocity 
(reduced  to  mean 
tide). 

Depth  (at  standard 
plane  of  fnATliriiim 
velocity). 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  standard 
plane  of  maximnin 
velocity). 

Eemarks. 

NauL  miles 
per  hour. 

Feet 

NauL  miles 
per  hour. 

Feet. 

0 

0.00 

88.3 

2.78 

36.4 

Latitude,  40®  42'  10".0;  longitude,  73®  58'  40".3. 

100 

0.04 

4L5 

2.88 

30.6 

200 

1.37 

47.0 

2.04 

45.0 

300 

1.80 

50.7 

2.07 

48.6 

400 

2.37 

54.1 

2.08 

52.1 

Area  of  section:  Flood,  50,362  square  feet;  ebb,  56,546 

600 

2.08 

54.8 

2.08 

52.3 

square  feet. 

eoo 

3.45 

52.3 

2.08 

50.3 

700 

3.61 

5L0 

2.04 

40.0 

Mid-area,  or  distance,  flrom  the  origin,  of  a  vertical  lino 

800 

3.66 

45.7 

2.87 

43.2 

which  divides  the  section  into  two  equal  areas =600  feet. 

900 

3.62 

30.0 

2.82 

37.0 

‘  Mid- volume,  or  distance,  from  the  origin,  of  a  vertical 

1,000 

8.53 

36.8 

2.73 

34.0 

line  which  divides  the  volume  passing  through  the  sec¬ 

1,100 

3.35 

82.8 

2.65 

30.0 

tion  into  two  equal  parts=flood,  723  feet;  ebb,  581  feet. 

1,200 

3.24 

28.5 

2.57 

26.6 

1.300 

2.04 

26.1 

2.44 

24.0 

1.400 

2.73 

22.8 

2.25 

20.8 

1, 408 

2.50 

20.3 

2.24 

18.3 

Latitude,  40®  42'  32".0;  longitude,  73®  58'  50".2. 

SECTION  XI. 


0 

0.00 

19.1 

0.00 

16.6 

Latitude,  40®  42'  17".8;  longitude,  73®  58'  26".8. 

100 

0.07 

20.6 

0.00 

l&l 

200 

0.17 

22.1 

0.03 

19.6 

800 

0.32 

24.1 

0.06 

2L6 

400 

0.53 

27.1 

0.18 

24.6 

600 

0.82 

32.1 

a20 

28.6 

600 

L23 

38.6 

0.51 

36.1 

700 

L60 

44.6 

0.80 

42.1 

800 

2.04 

47.6 

L18 

45.1 

Area  of  section:  Flood,  94,124  square  feet;  ebb,  88,299 

900 

2.27 

49.7 

LOO 

47.2 

square  feet. 

1,000 

2.51 

53.6 

2.06 

5L1 

Mid-area,  or  distance,  from  the  origin,  of  a  vertical  lino 

1, 100 

2. 67 

55. 6 

2.38 

53.1 

which  divides  the  section  into  two  equal  areas =1,237  feet 

1,200 

2.79 

55.1 

2.67 

52.6 

1,300 

2.86 

52.9 

2.83 

50.4 

Mid- volume,  or  distance,  from  the  origin,  of  a  vertical 

1,400 

2.85 

49.1 

2.89 

46.6 

line  which  divides  the  volume  passing  through  the  sec¬ 

1,500 

2.73 

46.1 

2.89 

43.6 

tion  into  two  equal  parts = flood,  1,^  feet;  ebb,  1,417 

i,«oo 

2.46 

44.1 

2.86 

41.6 

feet. 

1,700 

2.12 

42.8 

2.75 

39.3 

1.800 

1.65 

42.8 

2.57 

39.8 

1.900 

LM 

43.1 

2.37 

40.6 

2,000 

0.79 

43.6 

2.11 

4L1 

2.  100 

0.41 

41.1 

L69 

3a6 

2,200 

0.04 

37.1 

1. 16 

34.6 

2,300 

—  0.23 

26.6 

0.41 

24.1 

2,330 

—  0.32 

23.  r 

0.17 

20.6 

Latitude,  40®  42'  87".8;  longitude,  73®  OS'  41".6. 

a  Ex.  37 - ^21 
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REPORT  OF  THE  SUPERINTEITDENT  OF 


Transverse  curves  of  veJmityj  and  perimeters — Contiiiuecl. 

SECTION  XII. 


e. 

a 

Flood. 

Ebb. 

Distance  from  Broc 
side. 

_ _ _ 1 _ 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  standard 
plane  of  maximum 
velocity). 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  standard 
plane  of  maximum 
velocity). 

Bemarks. 

NauL  mUea 
per  hour. 

Feet. 

Naui.  miles 
per  hour. 

Feet. 

0 

0.00 

25.2 

0.00 

23.1 

Latitude,  4(P  42'  30".8;  longitude,  73®  58'  14".8. 

100 

1.45 

30.7 

0.23 

28.6 

200 

1.82 

32.9 

0.45 

30.8 

300 

1.95 

33.2 

0.68 

3L1 

400 

2.11 

4a  7 

0.90 

41.6 

500 

2.22 

45.3 

1. 17 

43.2 

600 

2.31 

45.7 

L49 

43.6 

Area  of  section:  Flood,  87,623  square  feet;  ebb,  83,444 

700 

2.37 

49.7 

1.80 

47.6 

square  feet. 

800 

2.42 

50.0 

a20 

47.9 

Mid-area,  or  distance,  from  the  origin,  of  a  vertical  line 

900 

2.48 

49.7 

a  61 

47.6 

'vthich  divides  the  section  into  two  equal  areas  =  1,039 

1,000 

2.40 

52.7 

a93 

50.6 

feet. 

1, 100 

2.39 

51.7 

3. 11 

49.6 

1,200 

2.25 

47.4 

ail 

45.3 

Mid-volume,  or  distance,  from  the  origin,  of  a  vertical 

1,300 

2.09 

45.7 

3.00 

43.6 

line  which  divides  the  volume  passing  through  the  sec¬ 

1,400 

1.87 

45.7 

a  81 

43.6 

tion  into  two  equal  i»art8  =  flood,  919  feet;  ebb,  1,138  feet. 

1,500 

1.62 

45.9 

a  52 

43.8 

1,600 

1.37 

44.1 

2.25 

4a  0 

1, 700 

0.97 

42.9 

1.89 

40.8 

1,800 

0.65 

45.2 

1.44 

43.1 

1,900 

0.32 

44.2 

0.88 

42.1 

1,990 

0.00 

43.2 

0.00 

41.1 

Latitude,  40®  42'  39".9;  longitude,  73°  58'  37".e. 

SECTION  xin. 


0 

0.71 

24.7 

1. 72 

20.6 

Latitude,  40'^  43/  04//.8 ;  longitude,  73o  58'  02".4.  Section 

100 

1.54 

3L2 

a  01 

27.1 

begins  at  pier,  W  illimnsburg. 

200 

a22 

37.7 

a20 

33.6 

300 

a37 

46.2 

a35 

4a  1 

400 

a44 

57.2 

2.37 

53.1 

500 

2.48 

69.2 

2.37 

65.1 

600 

a  48 

7a  2 

a37 

69.1 

700 

a  46 

70.2 

a37 

66.1 

Area  of  section:  Flood,  83,697  square  feet;  ebb,  75,456 

800 

a37 

58.2 

a37 

54.1 

square  feet. 

900 

2.20 

4a  7 

2.34 

38.6 

Mid-area,  or  distance,  from  the  origin,  of  a  vertical  lino 

1,000 

2.05 

38.2 

2.25 

34.1 

which  divides  the  section  into  two  equal  areas =768  feet 

1,100 

L88 

afe.7 

2.08 

31.6 

1,200 

1.68 

34.7 

1.80 

30.6 

Mid-volume,  or  distance,  firom  the  origin,  of  a  vertical 

1,300 

L54 

35.2 

1.60 

31.1 

lino  which  divides  the  volume  passing  through  the  sec¬ 

1,400 

1.40 

31.7 

1.59 

27.6 

tion  into  two  equal  i)art8=flooil,  689  feet ;  ebb,  718  feet 

1,500 

1.29 

28.2 

1. 61 

24.1 

1,600 

1. 17 

27.7 

1.62 

23.6 

1, 700 

1.05 

29.2 

1.63 

25.1 

1,800 

0.97 

29.2 

1.65 

25.1 

1,900 

0.83 

34.2 

1.66 

30.1 

• 

2,000 

0.68 

24.7 

1.61 

20.6 

[ends  at  pier  65,  New  York. 

2,010 

0.67 

24.7 

1.50 

20.6 

Latitude,  40°  43'  13".3;  longitude,  73°  58'  25".9.  Section 
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Transverse  curves  of  velocity^  and  perimeters — Continued. 


SECTION  XIV. 


_ i  1 

Flood- 

Ebb. 

1 

g .  1 

-  § 

'H  1 

'H  1 

1 

from  \ 
bnrg  side 

fa 

0  % 
a  o 

ll 

ih 

A  o  ^ 

1  s 
>  s 

a  ^ 

1  S 

^  1 
§  X 
*  2  . 

.  B 

«  o  -s 

Rcm.arkH. 

' 

1  ^ 

Maxim 

(redu 

tide). 

Cl  O 

til 

Maxim 

(redu 

tide). 

til 

1 

Naut  miles 
per  hour. 

Feet 

Naut  miles 
per  hour. 

Feet 

0 

0.00 

21.5 

1.23 

19.3 

Latitude,  40o  43'  11".4;  longitude,  73°  67'  54".8.  Section 

100 

0.74 

30.5 

1.68 

28.3 

begins  at  head  of  pier,  Williamsburg. 

200 

1.47 

34.0 

1. 75 

31.8 

1  300 

1.93 

42.0 

1.  91 

39.8 

1  400 

2.14 

51.0 

2.05 

48.8 

500 

2.28 

57.0 

2,17 

54.8 

600 

2.31 

58.0 

2. 26 

55.8 

700 

2.30 

5ao 

2.34 

55.8 

800 

•  2.29 

58.0 

2,38 

55.8 

Area  of  section:  Flood,  81,745  square  feet;  ebb,  76,795 

900 

2.29 

54.0 

2.39 

51.8 

square  feet. 

1.000 

2.25 

50.0 

2.40 

47.8 

Mid-area,  or  distance,  from  the  origin,  of  a  vertical  line 

1, 100 

2.21 

48.0 

2.41 

45.8 

which  divides  the  section  into  two  equal  areas  =  856  feet. 

1.200 

2.14 

42.0 

2.38 

39.8 

Mid-volume,  or  distance,  from  the  origin,  of  a  vertical 

1.300 

2.02 

32.0 

2.25 

29.8 

line  which  divides  the  volume  passing  through  the  section 

1,400 

1.91 

23.0 

2.17 

2a  8 

into  two  equal  parts  =  flood,  861  feet ;  ebb,  849  feet. 

1.500 

1.79 

17.5 

1.99 

15.3 

1.600 

1.66 

18.0 

1.81 

15.8 

1,700 

1.59 

las 

1.72 

14.3 

1.800 

1.66 

19.5 

1.60 

17.3 

1  900 

1.62 

24.0 

1.65 

21.8 

2.000 

1.49 

25.0 

1.62 

22.8 

2,100 

1.47 

25.5 

1.59 

23.3 

2,200 

1.43 

25.0 

1.50. 

22.8 

Section  ends  at  pier  foot  of  Ninth  street. 

2,250 

L42 

l&O 

1.52 

15.8 

Latitude,  40°  43'  20".0 ;  longitude,  73°  58'  21".7. 

SECTION  XV. 

0 

0.00 

3a  6 

0.17 

32.8 

Latitude,  40°  43'  35".4;  longitude,  73°  57'  43".6.  SecUon 

IfO 

0.00 

50.1 

0. 41 

4a3 

begins  below  Noble  street,  Williamsburg. 

200 

0.08 

56.1 

0.59 

52.3 

300 

0.62 

63.1 

0.70 

49.3 

400 

1. 01 

49.1 

0.79 

4a  3 

500 

L33 

5ai 

0.86 

54.3 

600 

1.43 

62.1 

0.97 

58.3 

700 

1.50 

60. 1 

1.07 

56.3 

800 

1.53 

58.1 

1. 17 

54.3 

900 

1.57 

62.1 

1.25 

583 

" 

1,000 

1.58 

61.1 

1.  35 

57.8 

1,100 

1.58 

61. 1 

1.43 

57.3 

Area  of  section :  Floo<l,  137,052  square  feet ;  ebb,  126,108 

1,200 

1.50 

60.6 

1.50 

56.8 

square  f«M't. 

1,300 

1.400 

1.58 

1.57 

60.1 

59.1 

1.52 

1..55 

56.3 

55.3 

Mid-area,  or  distance,  from  the  origin,  of  a  vertical  line 

'  1,500 

L54 

50. 1 

1.  57 

55.3 

which  divides  the  section  into  two  equal  areaa= 1,193  feet 

1.600 

1.50 

5ai 

1.59 

.M.S 

Mid-volume,  or  distance,  from  the  origin,  of  a  vertical 

1,700 

1. 42 

57.6 

1.60 

53.8 

line  which  divides  the  volume  passing  through  the  section 

1,800 

•  1.32 

57.6 

1. 61 

3 

into  two  equal  parte  =  flood,  1,222  feet ;  ebb,  1,309  feet 

1.900 

1.20 

57.6 

1. 61 

53.3 

2,000 

1.03 

43.1 

1.62 

39.3 

2,100 

0.91 

32.1 

1.62 

283 

2.200 

0.79 

29.1 

1.64 

25.3 

2,300 

0.70 

27.6 

1.55 

23.8 

2.400 

0. 61 

27.1 

1.51 

23.3 

2,500 

]  0.  .53 

27.1 

1.45 

23.3 

2,000 

1  0.46 

1  27.1 

1.35 

3 

2,700 

1  0.30 

'  21. 1 

1 . 25 

17.3 

2,HOO 

1  .  0.29 

1  1.3. 6 

1. 15 

9.8 

(ends  fi»ot  of  Fift«*euth  street.  New  York. 

2,880 

0.23 

13.1 

I.«4 

9.3 

Latitude,  40^  43'  33".9;  longitude.  73’  ,58'  20".8.  Section 
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EEPOET  OF  THE  SDPEEINTENDENT  OF 


Transverse  curves  of  velocity^  and  perimeters — Continued. 

SECTION  XVI. 


Distance  from  Long  Island 
side. 

Flood. 

Ebb. 

Remarks. 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  standard 
plane  of  maximnm 
velocity). 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  standard 
plane  of  maximnm 
velocity). 

Naut  miles 

Feet 

Naut  miles 

Feet 

per  hour. 

per  hour. 

0 

0.85 

17.2 

0.50 

14.2 

Latitude,  40®  43'  57".6;  longitude,  73°  57'  46".6.  Section 

100 

1.74 

19.2 

.0.84 

16.2 

begins  at  Bulkhead  Dye  House. 

200 

1.83 

24.7 

0.98 

2L7 

300 

1.90 

35.7 

1.09 

32.7 

400 

1.96 

39.2 

1. 19 

36.2 

500 

2.  01 

39.7 

1.26 

36.7 

600 

2.04 

44.7 

1.32 

41.7 

700 

2.07 

46.2 

L36 

43.2 

• 

800 

2.07 

43.2 

1.39 

40.2 

900 

2. 07 

41.2 

1.40 

38.2 

1,000 

2.02 

40.7 

1.42 

37.7 

1, 100 

1.94 

44.7 

1.43 

41.7 

1,200 

1.83 

48.2  ' 

1.44 

45.2 

1,  300 

1.70 

50.7 

1.  48 

47.7 

Area  of  section :  Flood,  113,340  square  feet ;  ebb,  103,740 

1, 400 

1.60 

51.2 

1.50 

48.2 

square  feet. 

1,  500 

1.48 

51.2 

1.58 

48.2 

Mid-area,  or  distance,  from  the  origin,  of  a  vertical  lino 

1,600 

1.46 

44.7 

1.66 

41.7 

which  divides  the  section  into  two  equal  areas =1,411  feet. 

1,700 

1.  27 

42.2 

1.  75 

39.2 

Mid-volume,  or  distance,  from  the  origin,  of  a  vertical 

1,800 

Lie 

39.7 

L81 

36.7 

line  which  divides  the  volume  passing  through  the  section 

1,900 

1. 05 

35.7  . 

1.84 

32.7 

into  two  equal  parts  =flood,  1,135  feet;  ebb,  1,502  feet. 

2,000 

0.96 

33.2 

1.86 

30.2 

2,100 

0.96 

32.7 

1.85 

29.7 

2,200 

0.96 

32.2 

1.  81 

29.2 

2,300 

0.96 

32.2 

L73 

29.2 

2,400 

0.94 

32.7 

1.59 

29.7 

2,  500 

0.91 

33.2 

L45 

30.2 

2,600 

0.89 

30.7 

1. 31 

27.7 

2  700 

0.42 

25.7 

1. 19 

22.7 

2,800 

0.00 

24.7 

1.05 

21.7 

2,000 

0.00 

24.7 

0.86 

21.7 

3,000 

0.00 

19.7 

0.63  . 

16.7 

3, 100 

0.00 

13.7 

0.37 

10. 7 

[ends  at  pier  foot  of  Nineteenth  street,  New  York. 

3, 200 

0.00 

13.2 

0.00 

10. 2 

Latitude,  40o  43'  51".6;  longitude,  73°  58'  27''.2.  Section 
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Trcmverse  curves  of  velocity^  and  perimeters — Continued, 


SECTION  XVII. 


Distance  fix>ro  Long  Island 
side. 

Flood. 

Ebb. 

Remarks. 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  standard 
plane  of  maximum 
velocity). 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  standard 
plane  of  maximum 
velocity). 

NauL  mites 

Feet. 

NauL  miles 

Feet. 

per  hour. 

per  hour. 

0 

0.00 

28 

0.00 

0.0 

Latitude,  40°  44'  06".0;  longitude,  72>  57'  38".6.  Section 

100 

0.00 

4.8 

0.00 

20 

begins  at  south  side  Newton  Creek. 

200 

0.00 

7.8 

0.00 

5.0 

300 

0.00 

14.8 

0.00 

120 

400 

0.00 

18.8 

0.03 

12  0 

500 

ao2 

10.8 

0.12 

17.0 

000 

0.04  . 

24.8 

0.25 

22.0 

700 

0.08 

25.8 

0.46 

220 

800 

0.28 

27.8 

0.71 

25.0 

900 

0.00 

32.8 

0.01 

30.0 

1.000 

LIO 

34.3 

L02 

3L5 

1. 100 

L31 

35.3 

1.06 

325 

1.200 

L40 

36.8 

1. 10 

34.0 

1,800 

L50 

37.8 

1.12 

35.0 

1.400 

L52 

328 

L13 

320 

1.500 

1.52 

40.2 

1. 13 

37.5 

i,eoo 

L50 

42.3 

L13 

39.5 

1,700 

L49 

42.8 

1.12 

40.0 

1.800 

1.51 

42.8 

1. 12 

40.0 

Area  of  section:  Flood,  163,106  square  feet ;  ebb,  150,870 

1.900 

L44 

48.8 

L12 

41.0 

square  feet. 

2,000 

L40 

43.8 

1.11 

41.0 

2,100 

1.37 

44.8 

1. 10 

42  0 

Mid-area,  or  distance,  £W)m  the  origin,  of  a  vertical  line 

2,200 

L34 

45.8 

1.08 

420 

which  divides  the  section  into  two  equal  areas=2,504  feet. 

2,300 

L30 

45.8 

L07 

420 

Mid-volnme,  or  distance,  from  the  origin,  of  a  vertical 

2.400 

L26 

45.8 

LOO 

420 

line  which  divides  the  volume  passing  through  the  section 

2,500 

LIO 

45.8 

L07 

420 

into  two  equal  parts=flood,  2,259  feet;  ebb,  2,656  feet. 

2,600 

L17 

45.8 

LIO 

43.0 

2,700 

L14 

47.8 

L18 

45.0 

2,800 

1.12 

50.3 

L21 

47.5 

• 

2.900 

L08 

40.8 

L26 

47.0 

3,000 

L05 

428 

1.34 

46.0 

3,100 

LOl 

423 

L37 

45.5 

3,200 

0.07 

423 

1.48 

45.5 

3,300 

0.92 

49.8 

1.55 

47.0 

3,400 

0.87 

52  8 

1.58 

50.0 

3,500 

0.81 

54.3 

1.00 

51.5 

3,600 

0.72 

50.3 

1.60 

47.5 

3.700 

0.62 

43.3 

1.52 

40.5 

8,800 

0.54 

323 

1. 10 

35.5 

3,000 

0.44 

37.8 

0.24 

35.0 

4,000 

0.34 

3L3 

0.00 

225 

4, 100 

0.23 

25.3 

0.00 

225 

4.200 

0.12 

228 

0.00 

225 

4,300 

0.00 

228 

0.00 

220 

[ends  at  Bulkhead  above  Twenty-ninth  street. 

4. 870 

0.00 

228 

0.00 

220 

LaUtnde,  40°  44'  25".5;  longitude,  73°  58'  29".0.  Section 
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BBPORT  OP  THE  SUPERINTENDENT  OP 


Transverse  curves  of  velocity,  and  perimeters — Continued. 

SECTION  XVIII. 


Distance  from  Brooklyn 
side. 

Flood. 

Ebb. 

• 

Remarks. 

] 

Maxiomm  velocity 
(reduced  to  mean 
tide). 

Depth*  (at  standard 
plane  of  maximum 
velocity). 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  standard 
plane  of  maximum 
velocity). 

Naut  miles 

Naut  miles 

per  hour. 

per  hour. 

0 

0.00 

2ai 

0.23 

25w5 

Latitude,  *0°  44'  29".2;  longitude,  73°  57' 40".9.  Section 

100 

1.06 

28.1 

0.61 

25.  (T 

begins  at  pier  below  Thirty-fourth  street.  | 

200 

L14 

27.1 

0.80 

24.5 

' 

300 

L25 

31.1 

0.94 

2a5 

400 

1.32 

40.6 

1. 08 

38.0 

500 

1.37 

46.6 

1. 15 

44.0 

600 

1.43 

44.6 

1.20 

42.0 

. 

700 

1. 46 

43.1 

L21 

40.5 

800 

1.50 

39.1 

1.26 

36.5 

900 

1.55 

35.6 

1.28 

33.0 

1,000 

1.57 

35.1 

1.32 

32.5 

1, 100 

1.60 

36.1 

1.32 

33.5 

1,200 

1.64 

36.1 

1. 32 

33.5 

Area  of  section :  Flood,  117,642  square  feet ;  ebb,  109,998  | 

1,300 

1.67 

36.1 

1.35 

33.5 

square  feet. 

1,400 

1.66 

36.1 

1. 42 

33.5 

Mid-area,  or  distance,  from  the  origin,  of  a  vertical  line 

1,500 

1.64 

36.6, 

1.59 

34.0 

which  divides  the  section  into  two  equal  areas = 1,620  feet. 

1,600 

1.60 

37.1 

1.86 

34.5 

Mid- volume,  or  distance,  from  the  origin,  of  a  vertical 

1,700 

L58 

37.1 

2.09 

34.5 

line  which  divides  the  volume  passing  through  the  seotion 

1,800 

1.53 

32.6 

2.30 

30.0 

into  two  equal  pMt8  =  flood,  1,508  feet;  ebb,  1,693  feet. 

1,900 

1.48 

12.6 

2.39 

10.0 

2,000 

1.43 

18.6 

2.42 

16.0 

2, 100 

L38 

42.1 

2.39 

39.5 

2,200 

1.34 

54.1 

2.36 

5L5 

2,300 

1.32 

55.6 

2.22 

53.0 

2,400 

1.28 

57.1 

L95 

54.5 

2,500 

1.26 

5&1 

L65 

53.5 

2,600 

1.23 

55.1 

1.36 

52.5 

2,700 

1.14 

53.1 

1.06 

50.5 

2,800 

0.93 

53.1 

0.65 

50.5 

2,900 

0.62 

51.6 

0.18 

49.0 

[ends  at  pier  foot  of  Thirty-eighth  street,  NewTork. 

2,940 

0.46 

50.1 

0.00 

47.5 

I.atitudo,  40°  44'  42".5;  longitude,  73°  68'  14".8.  Section 
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side. 


THE  UNITED  STATES  COAST  SURVEY. 


Transverse  curves  of  velocity^  and  perimeter's — Continued. 

SECTION  XIX 


I 


0 

100 
200 
.  800 
400 
500 
600 
700 
800 
900 
1,000 
1. 100 
1.200 

1.300 

1.400 

1.500 
1,600 
1. 700 
1,800 
1.900 
2,000 
2,100 
2,200 

2.300 

2.400 

2.500 
2,600 
2,630 


Flood. 

Ebb. 

Remarks. 

Maxininm  velocity 
(re<lnced  to  mean 
Ude). 

Depth  (at  standard 
plane  of  maxlmnm 
velocity). 

Maximom  velocity 
(reduced  to  mean 
tide). 

Depth  (at  standard 
plane  of  maximum 
velocity). 

NauL  miles 

Feet 

Naut  miles 

Feet. 

per  hour. 

per  hour. 

0.48 

7.0 

0.64 

4.6 

Latitude,  40°  44'  51". 5;  longitude,  73o  67'  26".2.  Section 

L24 

22.0 

0.95 

19.6 

begins  at  shore  lino,  Hunter's  Point. 

1.30 

29.0 

1.22 

26.6 

1. 41 

31.0 

1.37 

28.6 

L41 

33.0 

L52 

30.6 

1.41 

35.0 

1.65 

32.6 

1. 41 

36.0 

1.68 

33.6 

1.40 

3ao 

L68 

35.6 

1.38 

38.5 

1.67 

36.1 

1.38 

39.5 

1.58 

37.1 

1.38 

41.5 

1.33 

39.1 

Area  of  section:  Flood,  98,920  square  feet;  ebb,  92,608 

L88 

42.5 

1.04 

40.1 

square  feet. 

1.37 

3L0 

0. 80 

0  84 

28  6 

22  6 

Mid-area,  or  distance,  from  the  origin,  of  a  vertical  line 

1.40 

16.0 

L04 

13.6 

which  divides  the  section  into  two  equal  areas = 1,660  feet. 

1.43 

ILO 

L30 

8.6 

Mid-volume,  or  distance,  from  the  origin,  of  a  vertical 

1.43 

26.5 

1.76 

24.1 

Une  which  divides  the  volume  passing  through  the  section 

145 

sao 

2.03 

35.6 

into  two  equal  parts=:  flood,  1,862  feet  ,*  ebb,  1,865  feet. 

1.46 

38.0 

2.26 

35.6 

L50 

41.0 

2.41 

89.6 

1.61 

49.0 

2.45 

46.6 

1.85 

56.0 

2.44 

53.6 

2.02 

6ao 

2.35 

67.6 

2.12 

65.0 

2.12 

62.6 

2.14 

65.0 

1.80 

62.6 

2.10 

54.0 

L43 

61.6 

2.00 

30.0 

1. 10 

27.6 

[ends  at  Bulkhead,  foot  Forty-eigiith  street. 

1.90 

28.0 

0.99 

25.6  I 

Latitude,  40°  45'  04".2;  longitude,  73°  57'  56".2.  Section- 
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REPORT  OF  THE  SUPERINTENDENT  OF 


Transverse  curves  oj  velocity^  and  perhneters — Continued. 

SECTION  XX. 

EASTERLY  CHANNEL,  BLACKWELL’S  ISLAND. 


Distance  fhim  Blackwell’s 
Island. 

Flood. 

Ebb. 

Remarks. 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  standard 
plane  of  maximum 
velocity). 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  standard 
plane  of  maximum 
velocity). 

Xaut  mile* 

Naut  milM 

perhoiir. 

per  hour. 

0 

0.97 

6.24 

0.22 

6.2 

Latitude,  40°  45'  03".0;  longitude,  73°  57'  34".5. 

100 

2.09 

17.2 

1.04 

17.3 

200 

2.19 

34.7 

1.26 

34.8 

300 

2.22 

39.8 

1.57 

39.9 

400 

2.22 

36.7 

L75 

36.8 

Area  of  section:  Flood,  33,225  square  feet;  ebb,  33,358 

500 

2.19 

32.7 

1.95 

32.8 

square  feet. 

600 

2.07 

32.7 

2.07 

32.8 

Mid-area,  or  distance,  ftom  the  origin,  of  a  vortical  lino 

700 

1.95 

29.8 

2.17 

29.9 

which  divides  the  section  into  two  equal  areas  =»  556  feet. 

800 

L81 

28.7 

2.26 

28.8 

Mid- volume,  or  distance,  fh>m  the  origin,  of  a  vertical 

900 

L61 

25.8 

2.34 

25.9 

line  which  divides  the  volume  passing  through  the  section 

1,000 

1. 42 

19.8 

2. 26 

19.9 

into  two  equM  parts=flood,  501  feet ;  ebb,  629  feet. 

1,100 

1.29 

19.7 

2.01 

19.8 

1,200 

1. 13 

9.8 

L57 

‘9.9 

1,  300 

0.30 

2.2 

0.68 

2.3 

1,334 

0.10 

2.2 

0.34 

2.3 

Latitude,  40°  44'  55". 8;  longitude,  73°  67'  20".2. 

SECTION  XX. 

WESTERLY  CHANNEL,  BLACKWELL’S  ISLAND. 


Distance  from  New  York 
shore. 

Flood. 

Ebb. 

Remarks. 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  standard 
plane  of  maximum 
velocity). 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  standard 
plane  of  maximum 
velocity). 

NauL  mUe» 

Feet 

Na%U.  milee 

Feet 

per  hour. 

per  hour. 

0 

1.20 

7.0 

0. 19 

5.9 

Latitude,  i(P  45'  11".4 ;  longitude,  73°  57'  61".  .6 

100 

1.84 

22.0 

0.68 

20.9 

200 

2.08 

39.0 

1.00 

37.9 

300 

2.00 

49.0 

1. 70 

47.9 

Area  of  section:  Flood,  49,241  square  feet;  ebb,  47,882 

400 

1.92 

61.9 

2.53 

60.8 

square  feet. 

500 

1.84 

49.0 

3.18 

47.9 

Mid-area,  or  distance,  from  the  origin,  of  a  vertical  line 

600 

L90 

40.0 

3.40 

38.9 

which  divides  the  section  into  two  equal  areas =629  feet. 

700 

2.10 

43.9 

3.33 

42.8 

800 

2.44 

46.0 

3.07 

44.9 

Mid- volume,  or  distance,  from  the  origin,  of  a  vertical 

900 

2.72 

42.8 

2.74 

41.7 

line  which  divides  the  volume  passing  through  the  section 

1,000 

3.04 

42.8 

2.33 

41.7 

into  two  equal  parts= flood,  715  feet;  ebb,  649  feet 

1.100 

3.30 

35.4 

1.86 

33.9 

1,200 

3.10 

21.0 

1.21 

19.9 

1, 236 

2.64 

13.0 

0.84 

11.9 

Latitude,  40°  45'  04".7 ;  longitude,  73°  57'  38".0. 
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Trcmsverse  curves  of  velocity^  and  perimeters — Continued. 

SECTION  XXI. 

EASTERLY  CHANNEL,  BLACKWELL^S  ISLAND. 


% 

L 

II 

1 

Flood. 

Ebb. 

Remarks. 

Maximnm  velocity 
(reduced  to  mean 
tide). 

Depth  (at  standard 
plane  of  maximum 
velocity). 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  standard 
plane  of  maximnm 
velocity). 

NautmiUt 

Feet, 

NauL  milee 

Feet. 

per  hour. 

per  hour. 

0 

L02 

&3 

0.  57 

8.2 

Latitude,  40°  45^  17".5;  longitude  73°  57'  18".8. 

100 

1.84 

3L4 

2.37 

31.3 

200 

2.55 

31.6 

2.86 

31.5 

Area  of  section:  Flood,  22,667  square  feet;  ebb,  22,565 

800 

3.05 

34.3 

3. 15 

34.2 

square  feet. 

400 

3.54 

27.4 

3.40 

27.3 

500 

3.70 

22.4 

3.36 

22.3 

Mid-area,  or  distance,  from  the  origin,  of  a  vortical  line 

600 

3.54 

20.4 

3.15 

20.3 

which  divides  the  section  into  two  equal  areas =390  feet. 

700 

3.23 

20.3 

2.86 

20.2 

Mid- volume,  or  distance,  from  the  origin,  of  a  vertical 

800 

2.72 

16.4 

2.55 

16.3 

line  which  divides  the  volume  passing  through  the  section 

900 

2.21 

15.3 

2. 10 

15.2 

into  two  equal  parte =flood,  435  feet;  ebb,  401  feet. 

1.000 

L44 

4.3 

0.97 

4.2 

1.026 

1.02 

2.6 

0.62 

2.5 

Latitude,  i(P  45^  11".9;  longitude,  73°  57'  07".6. 

SECTION  XXI. 

WESTERLY  CHANNEL,  BLACKWELL^S  ISLAND. 


1 

il 

1 

i 

Flood. 

Ebb. 

Remarks. 

Maximum  velocity 
(reduced  to  mean 
tide). 

il 

■s  >» 

3  o  .-e 

til 

|p.. 

Maximnm  velocity 
(reduced  to  mean 
tide). 

Depth  (at  standard 
plane  of  maximnm 
velocity). 

y out  milee 

Feet. 

NautmUee 

Feet 

per  hour. 

per  hour. 

0 

1.51 

5.1 

0.76 

4.3 

Latitude,  i(P  45'  26".7;  longitude,  73®  57'  36".l. 

100 

2.25 

21.1 

2.07 

20.3 

200 

2.71 

29.1 

3.03 

28.3 

300 

2.97 

46.0 

4.00 

45.2 

Area  of  section:  liood,  39,600  square  feet;  ebb,  38,708 

400 

3.15 

60.0 

a  71 

58.3 

square  feet. 

600 

3.15 

56.9 

3.62 

56.1 

Mid-area,  or  distance,  from  the  origin,  of  a  vertical  line 

606 

3.11 

56.9 

3.32 

5ai 

which  divides  the  section  into  two  equal  areas =520  feet. 

700 

2.92 

3a  1 

2.94 

37.3 

Mid- volume,  or  distance,  firom  the  origin,  of  a  vertical 

800 

2.69 

3ai 

2.51 

37.3 

line  which  divides  the  volume  passing  through  the  section 

900 

2.34 

23.0 

L95 

22.2 

into  two  equal  parts = flood,  509  feet;  ebb,  490  feet. 

1.000 

L89 

23.0 

1.43 

21.3 

1, 100 

L44 

5.1 

0.87 

4.3 

1,115 

LOS 

2.9 

0.65 

2.1 

Latitude,  46'  19".9;  longitude,  73®  67'  23".8. 

s.  Ex.  37 - 22 
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Trcmsverse  curves  of  velocity ^  a/nd  perimeters — Continued. 

SECTION  XXII. 

EASTERLY  CHANNEL,  BLACKWELL^S  ISLAND. 


Distance  from  Blackwell’s 
Island. 

Flood. 

Ebb. 

Remarks. 

Maximnm  velocity 
(rednced  to  mean 
tide). 

Depth  (at  standard 
plane  of  maximnm 
velocity). 

Maximnm  velocity 
(reduced  to  mean 
tide). 

Depth  (at  standard 
plane  of  maximum 
velocity). 

NautmUet 

Feet 

Naut  mUee 

Feet. 

per  hour. 

per  hour. 

0 

1.40 

6.4 

1. 36 

5.5 

Latitude,  40°  45'  32".0 ;  longitude,  73°  57'  04".9. 

100 

2.62 

20.4 

2.32 

19.5 

200 

3.08 

43.4 

3.10 

42.5 

Area  of  section:  Flood,  21,665  square  feet;  ebb,  20,854 

800 

3.29 

38.4 

3.49 

37.5 

square  feet. 

400 

3. 36 

33.4 

3.88 

32.5 

Mid-area,  or  distance,  from  the  origin,  of  a  vertical  line 

500 

3.29 

2&4 

4.03 

27.5 

which  divides  the  section  into  two  equal  areas =360  feet. 

600 

3. 01 

17.4 

3.49 

16.5 

Mid-volume,  or  distance,  from  the  origin,  of  a  vertical 

700 

2.69 

15.4 

2.71 

14. 5 

line  which  divides  the  volume  passing  through  the  section 

800 

2.17 

12.4 

L36 

11. 5 

into  two  equal  parts = flood,  361  feet;  ebb,  375  feet. 

900 

1.26 

a4 

0. 19 

7.5 

902 

L26 

7.8 

0.00 

6.9 

Latitude,  40o  45'  27".5;  longitude,  73°  56'  64".9. 

SECTION  xxn. 

WESTERLY  CHANNEL,  BLACKWELL'S  ISLAND. 


Distance  from  New  York 
shore. 

Flood. 

Ebb. 

Remarks. 

1  ® 
il  . 

Ilf 

Depth  (at  standard 
plane  of  maximnm 
velocity). 

Maximnm  velocity 
(reduced  to' mean 
tide). 

• 

Depth  (at  standard 
plane  of  maximnm 
velocity). 

NautmUes 

Feet 

NautmUee 

Feet 

per  hour. 

per  hour. 

0 

2.05 

22.4 

0.84 

22.0 

Latitude,  40°  45'  39".3;  longitude,  73°  57'  20".8. 

100 

2.75 

45.5 

2.10 

45.1 

200 

2.96 

65.4 

3.06 

65.0 

Area  of  section:  Flood,  40,794  square  feet;  ebb,  40,432 

300 

Z84 

70.5 

3.69 

70.1 

square  feet. 

400 

2.84 

57.5 

3.78 

57.1 

Mid-area,  or  distance  from  the  origin,  of  a  vertical  line 

500 

2.97 

52.5 

3.43 

57.1 

which  divides  the  section  into  two  equal  areas =370  feet. 

600 

2.90 

33.4 

2.59 

83.0 

Mid- volume,  or  distance,  from  the  origin,  of  a  vertical 

700 

2.80 

30.4 

1. 76 

30.0 

lino  which  divides  the  volume  passing  through  the  section 

800 

2.28 

28.4 

L18 

28.0 

into  two  equal  parts =flood,  864  feet ;  ebb,  363  feet. 

900 

1.36 

15.5 

0.53 

15.1 

905 

L29 

2.4 

0.59 

2.0 

Latitude,  40°  45'  34".8 ;  longitude,  73°  57'  10".8. 

Digitized  by  i^ooQle 


THE  UNITED  STATES  COAST  SURVEY, 


171 


TraiMverse  eurves  of  velocity^  cmd  perimeters — Continued. 

SECTION  XXIII. 

EASTERLY  CHANNEL,  BLACKWELL’S  ISLAND. 


Distance  from  Blackwell’s 
Island. 

Flood. 

Ebb. 

Remarks. 

t  i 

M  a 

11-. 

.S'?*® 

|ls 

Depth  (at  standard 
plane  of  maximum 
velocity). 

MflTrfmnm  velocity 
(reduced  to  mean 
tide). 

Depth  (at  standard 
plane  of  maximum 
velocity). 

Ka/ut  miles 

Feet, 

N'aut  miles 

Feet, 

per  how. 

per  how. 

0 

2.20 

7.3 

1.32 

6.9 

Latitude,  40°  45^  48'M;  longitude,  73°  56^  5V‘.Z, 

100 

3.30 

12.3 

2.42 

11.9 

Area  of  section:  Flood,  17,856  square  feet;  ebb,  17,520 

200 

3.74 

22.2 

3.19 

21.8 

square  feet. 

300 

3.85 

83.3 

3.57 

32.9 

Mid-area,  or  distance,  from  the  origin,  of  a  vertical  line 

400 

3.85 

8L2 

3.74 

30.8 

which  divides  the  section  into  two  equal  areas =400  feet. 

500 

3.25 

10.3 

3.33 

18.9 

600 

3.61 

22.3 

2.U 

23.0 

Mid- volume,  or  distance,  from  the  origin,  of  a  vertical 

700 

a22 

25.2 

1. 78 

24.8 

line  which  divides  the  volume  passing  through  the  section 

800 

2.42 

&3 

0.88 

7.9 

into  two  equal  part8=flood,  391  feet;  ebb,  382  feet. 

842 

1.65 

6.3 

0.83 

5.0 

Latitude,  40^  45^  43".8 ;  longitude,  729  56'  42".2. 

SECTION  xxm. 

WESTERLY  CHANNEL,  BLACKWELL’S  ISLAND. 


Distance  from  New  York 
skoie. 

Flood. 

Ebb. 

Remarks. 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  standard 
plane  of  maxinimn 
velocity). 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  standard 
plane  of  maximum 
velocity). 

0 

100 

200 

300 

400 

500 

GOO 

700 

800 

812 

Naut  miles 
per  how, 
2.64 
3.82. 
3.58 

3.68 

3.76 

3.57 

3.24 

2.80 

2.08 

1.84 

Feet, 

&8 

54.8 

52.8 

52.2 

49.8 

43.8 

35.8 

16.8 

13.8 

7.2 

NatU.  miles 
per  how, 
L96 

3.01 

3.50 

3.72 

3.72 

3.64 

3.46 

3.22 

2.52 

2.45 

Feet 

8,7 

54.7 

52.7 

52.1 

49.7 

43.7 

35.7 

16.7 

13.7 

7.1 

Latitude,  40o  45'  54".9;  longitude,  73®  57'  06".7. 

Area  of  section:  Flood,  31,846  square  feet;  ebb,  31,765 
square  feet. 

Mid-area,  or  distance,  from  the  origin,  of  a  vertical  line 
which  divides  the  section  into  two  equal  area8=340  feet. 

Mid-volume,  or  distance,  from  the  origin,  of  a  vertical 
line  which  divides  the  volume  passing  through  the  section 
into  two  equal  part8=flood,  338  feet ;  ebb,  351  feet 

Latitude,  40°  45'  50".6;  longitude,  73°  56'  57".6. 
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EEPOET  OF  THE  SUPEEINTENDENT  OP 


Transverse  eurves  of  velocity ^  and  perimeters — Contiiiued. 

SECTION  XXIV. 

EASTERLY  CHANNEL,  BLACKWELL'S  ISLAND. 


Distance  from  Blackwell’s 
Island. 

Flood. 

Ebb. 

Remarks. 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  standard 
piano  of  maximum 
velocity). 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  standard 
plane  of  maximum 
velocity). 

Naut  miles 

Feet. 

Naut  miles 

Feet. 

per  hour. 

per  hour. 

0 

0.64 

17.1 

0.71 

16.2 

Latitude,  40°  46^  02".0 ;  longitude,  73o  W  38''.0. 

100 

2.05 

35.4 

2.00 

34.5 

Area  of  section:  Flood,  18,063  square  feet;  ebb,  17,450 

200 

3.81 

35.3 

4. 15 

34.4 

square  feet. 

300 

5.12 

35.3 

4. 78 

34.4 

Mid-area,  or  distance,  from  the  origin,  of  a  vertical  line 

which  divides  the  section  into  two  equal  areas =280  feet. 

400 

4.61 

34.3 

4.50 

33.4 

Mid- volume,  or  distance,  from  the  origin,  of  a  vertical 

500 

3. 11 

22.3 

3.76 

21.4 

lino  which  divides  the  volume  passing  through  the  section 

600 

2.24 

R1 

2.33 

7.2 

into  two  equal  part8=flood,  313  feet ;  ebb,  303  feet. 

681 

0.96 

5.4 

0.97 

4.5 

Latitude,  40°  45^  58''.8 ;  longitude,  73®  56^  3(K'.3. 

SECTION  XXIV. 


WESTERLY  CHANNEL,  BLACKWELL'S  ISLAND. 


Distance  from  Now  York 
shore. 

Flood. 

Ebb. 

Remarks. 

Maximum  velocity 
(reduced  to  mean 
tide). 

■ 

S'sf 

.d  1  § 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  standard 
plane  of  Tna-rifnnyn 
velocity). 

Naut  miles 

Feet 

Naut  miles 

Feet 

per  hour. 

per  hour. 

0 

2.37 

23.2 

L20 

28.1 

Latitude,  40o  46^  08'^7 ;  longitude,  73o  56'  64".0. 

100 

3.09 

3a  2 

2.70 

3ai 

200 

3.59 

44.2 

aso 

44.1 

Area  of  section:  Flood,  88,401  square  feet;  ebb,  88,310 

300 

3.91 

62.2 

4.00 

6ai 

square  feet 

400 

3.91 

57.7 

4.30 

57.6 

Mid-area,  or  distance,  from  the  origin,  of  a  vertical  line 

500 

3.52 

5a2 

a  78 

5ai 

which  divides  the  section  into  two  equal  area8=410  feet 

600 

2.50 

3a2 

2.30 

3ai 

Mid- volume,  or  distance,  from  the  origin,  of  a  vertical 

700 

L33 

3a  2 

0.90 

38.1 

line  which  divides  the  volume  passing  through  the  section 

into  two  equal  parts=flood,  867  feet;  ebb,  366  feet 

800 

0.43 

33.2 

0.40 

33.1 

900 

0.05 

7.2 

0.18 

7.1 

912 

0.00 

a4 

0.10 

a3 

Latitude,  40P  46^  02".6;  longitude,  7dP  W  46".a 
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Trcmsverae  curves  of  velocity^  and  perimeters — Continued. 

SECTION  XXV. 


WESTEALY  channel,  BLACKWELL’S  ISLAND. 


t 

Flood. 

Ebb. 

Bemarks. 

Distance  from  New 
shore. 

^9 

is 

11  • 
|ll 

Depth  (at  standard 
plane  of  maxhnmn 
velocity). 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  standard 
plane  of  maximum 
velocity). 

NautmiUi 

FuL 

NautmUeM 

FeeL 

per  how. 

per  how. 

0 

1.61 

7.8 

2.01 

7.9 

Latitude,  40o  46'  20".9;  longitude,  73°  56'  42".0. 

100 

3.81 

16.8 

3.12 

16.9 

Area  of  section:  Flood,  31,256  square  foot;  ebb,  31,336 

200 

4.03 

52.8 

8.48 

52.9 

square  feet 

300 

4.45 

61.8 

3.74 

61.9 

400 

4. 26 

58  8 

3  95 

58  9 

Mid-area,  or  distance,  from  the  origin,  of  a  vertical  line 

'W'hich  divides  the  section  into  two  equal  areas =380  feet 

500 

3.92 

42.8 

4.06 

42.9 

600 

3.39 

44.8 

3.99 

4^9 

Mid-volume,  or  distance,  from  the  origin,  of  a  vortical 

700 

2.88 

26w8 

3.43 

26.9 

line  which  divides  the  volume  passing  through  the  section 

800 

L17 

7.8 

2.62 

7.9 

into  two  equal  parts= flood,  363  feet;  ebb,  392  feet 

804 

0.95 

4.8 

2.49 

4.9 

Latitude,  40°  46'  16".5;  longitude,  73°  66'  33".3. 
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REPORT  OP  THE  SUPERINTENDENT  OP 


Transverse  curves  of  velocity ^  and  perimeters — Continued. 

SECTION  XXVI. 


Distance  from  New  York 
side. 

Flood. 

Ebb. 

- j - — - 

Remarks. 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  standard 
pi  aue  of  maximum 
velocity). 

Maximum  velocity 
(reduced  to  moan 
tide). 

Depth  (at  standard 
plane  of  maximum 
velocity). 

Naut  miles 

Feet. 

NauL  miUs 

Feet. 

per  hour. 

per  hour. 

0 

1.27 

45.0 

2.15 

41.3 

Latitude,  40^  42'  17".4;  lonj;itudc,  74°  01'  10".8.  Begin- 

100 

1. 28 

49.0 

2.23 

45.3 

niug  of  section  at  end  of  pier  1,  New  York. 

200 

1.29 

53.0 

2.25 

49.3 

300 

1. 30 

55.2 

2. 25 

51.5 

400 

1.  30 

57.5 

2.25 

53.8 

500 

1.30 

57.8 

2.25 

54.1 

600 

1.  29 

5a2 

2.25 

54.5 

700 

1.29 

56.6 

2.25 

52.9 

800 

1.29 

55.0 

2.25 

51.3 

900 

1.28 

53.0 

2.24 

49.3 

1, 000 

1.28 

51.0 

2.24 

47.3 

1,100 

1.28 

49.5 

2.23 

45.8 

1,200 

1.27 

48.0 

2.23 

44.3 

1,  300 

1.27 

47.0 

2.23 

43.3 

1,400 

L26 

46.2 

2.22 

42.5 

1,500 

L26 

45.8 

2.22 

42.1 

1,600 

L25 

45.5 

2.21 

41.8 

Area  of  section:  Flood,  165,900  square  feet;  ebb,  151,100 

1,  700 

1.24 

44.4 

2.21 

40.7 

square  feet 

1,  800 

L24 

43.4 

2.20 

39.7 

1  22 

42  5 

2  20 

38  8 

Mid-area,  or  distance,  &om  the  origin,  of  a  vertical  line 

2,000 

L21 

4L7 

2.19 

38.0 

which  divides  the  section  into  two  equal  areas = 1, 570  feet 

2,100 

1,20 

40.7 

2.18 

37.0 

Mid- volume,  or  distance,  from  the  origin,  of  a  vertical 

2,200 

1. 19 

39.7 

2.17 

36.0 

lino  which  divides  the  volume  passing  through  the  section 

2,300 

1. 17 

'39.3 

2.17 

35.6 

into  two  equal  parts =flood,  1,434  feet  from  pier  1,  New 

2,400 

1. 14 

39.0 

2.16 

35.3 

York  side ;  ebb,  1,518  foot  from  pier  1,  Now  York  side. 

2,500 

1.12 

37.9 

2.14  • 

34.2 

2,600 

1. 10 

36.8 

2.13 

33.1 

2,700 

L07 

35.6 

2.12 

3L9 

2,800 

L04 

34.6 

2.12 

30.8 

2,000 

1.02 

34.1 

2.09 

30.4 

3,000 

0.99 

33.8 

2.08 

30.1 

3,100 

0.96 

32.6 

2.07 

28.9 

3, 200 

0.93 

3L4 

2.06 

27.7 

3,300 

0.90 

30.4 

2.05 

2a  7 

3, 400 

0.86 

29.5 

2.03 

25.8 

3,500 

0.82 

29.0 

2.02 

25.3 

3,600 

0.78 

28.6 

2.01 

24.9 

3, 700 

0.74 

26.8 

2.00 

22.1 

3,800 

0.70 

23.0 

1-98 

19.3 

3,900 

0.65 

23.0 

D97 

19.3 

[section  at  Communipaw  Ferry  slip. 

4,000 

0.61 

23.0 

L95 

19.3 

Latitude,  40°  42'  20".4;  longitude,  74°  02'  02".4.  End  of 
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Tramverse  curves  of  velocity j  and  'perimeters — Contmued. 

SECTION  XXVII. 


DiBtanoe  from  J ersey  shore. 

Flood. 

Ebb. 

Kcmarks. 

Maxunum  velocity 
(redncod  to  mean 
tide). 

Depth  (at  standard 
plane  of  maximum 
velocity). 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  standard 
plane  of  maximum 
velocity). 

NauLmiUs 

Feet 

Naut  miles 

per  hour. 

per  hour. 

0 

0.00 

9.1 

0.00 

5.1 

Latitude,  40o  42'  35".2;  longitude,  74°  02'  O.V'.O.  Begin- 

100 

0.00 

&6 

0.00 

4.6 

ning  of  section  at  mouth  of  canal  at  Communipaw. 

200 

0.05 

as 

0.00 

4.3 

300 

0. 21 

8.6 

0. 20 

4.6 

400 

0.34 

10.1 

0.55 

ai 

500 

0.47 

15.1 

0.90 

11.1 

GOO 

0.60 

20.6 

1. 30 

ia6 

700 

0.70 

23  6 

1. 73 

19.6 

800 

0. 80 

24.8 

2.07 

20.8 

900 

0.80 

25.6 

2.35 

21.6 

1,000 

0.94 

29.6 

2.48 

25.6 

1. 100 

1.05 

29.6 

3  48 

25.6 

1,200 

1.10 

31.1 

2.47 

27.1 

1,300 

1.14 

32.6 

2.47 

28.6 

1,400 

1.17 

33.6 

345 

20.6 

1,500 

1. 21 

33  6 

346 

29.6 

1,600 

1.25 

34.1 

345 

80.1 

1,700 

L27 

35.3 

2.47 

31.3 

1,800 

1.28 

36.1 

3  47 

32.1 

1,000 

L28 

36.6 

3  47 

32.6 

2,000 

1. 29 

36.1 

2.47 

331 

Area  of  section :  Flood,  180,090  square  feet;  ebb,  16^,190 

2,100 

L30 

35.6 

2.48 

31.6 

square  feet 

2.200 

1. 30 

331 

2. 49 

331 

1  30 

2  49 

Mid-area,  or  distance,  from  the  origin,  of  a  vortical  line 

2,  300 

2, 400 

1. 30 

37.1 

2. 48 

33.1 

which  divides  the  section  into  two  equal  areas =3, 090  feet. 

2,500 

1.30 

39.1 

2.47 

35.1 

Mid-volume,  or  distance,  from  the  origin,  of  a  verticul 

2,600 

L30 

40.6 

2.47 

33  6 

line  which  divides  the  volume  passing  through  the  section 

2,700 

L30 

41.6 

345 

37.6 

into  two  equal  part8=flood,  2,980  feet ;  ebb,  3700  feet. 

2,800 

L30 

431 

2.37 

38.1 

2,900 

1.29 

431 

3  36 

39.1 

3,000 

1.29 

45.1 

3  35 

41. 1 

3,100 

1.29 

43  6 

2. 30 

42.6 

3,200 

1.29 

46.1 

3  26 

41.1 

3,300 

1.28 

48.1  ; 

317 

44.1 

3,400 

1.28 

436 

313 

44.6 

3,500 

1.27 

531 

3  08 

48.1 

3,600 

L26 

52.1 

3  03 

48.1 

3,700 

L25 

54.1 

LOO 

50.1 

3,800 

L23 

55.1 

1.95 

51.1 

3,000 

1.22 

531 

1. 01 

531 

4.000 

L21 

59.6 

1.85 

55.6 

4, 100 

L18 

63.1 

1.77 

59.1 

4,200 

1.12 

67.6 

L67 

636 

4,300 

LOl 

63.1 

1.53 

59.1 

4,400 

0.80 

60.6 

1.39 

56.6 

4,500 

0.44 

536 

L13 

53  6 

4,600 

0.00 

438 

1.00 

43  8 

[section  at  head  of  pier  No.  6,  Now  York. 

4,700 

0.00 

39.1 

0.48 

35.1 

Latitude,  40°  42'  28".0;  longitude,  74°  01'  06".8.  End  of 
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REPOET  OP  THE  SUPERINTENDENT  OP 


Trcmsverse  curves  of  velocity^  and  perimeters — Gontinaed. 
SECTION  xxvm. 


Distance  from  Jersey  side. 

Flood. 

Ebb. 

Bemarks. 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  standard 
plane  of  TnaTimmn 
velocity). 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  standard 
plane  of  maximum 
velocity). 

Naut  miles 

Feet 

Naut  miles 

Feet. 

per  hour. 

per  hour. 

0 

0. 42 

20.1 

0.00 

16.1 

Latitude,  40°  43'  07". 6;  longitude,  74®  01'  50". 3.  Begin- 

100 

0.57 

24.6 

0.53 

20.6 

ning  of  section  at  Dodge,  Meigs  Sc  Dodge  wharfl 

200 

0.68 

28.1 

L22 

24.1 

300 

0.77 

30.6 

1.61 

26.6 

400 

0.83 

31.1 

L94 

27.1 

600 

0.90 

32.1 

2.06 

28.1 

600 

0.96 

33.8 

2.09 

29.8 

700 

L02 

34.1 

2.10 

30.1 

800 

1.07 

35.6 

2.10 

3L6 

900 

LOO 

35.1 

2.15 

31.1 

1,000 

1. 13 

35.1 

2.16 

3L1 

1, 100 

L15 

36.6 

2.19 

32.6 

1,200 

1.18 

37.1 

2.21 

33.1 

1,300 

L20 

38.1 

2.25 

34.1 

1,400 

1. 21 

37.6 

2.28 

33.6 

1,600 

L22 

38.1 

2.29 

34.1 

1,600 

L24 

38.1 

2.31 

34.1 

1,700 

L25 

37.6 

2.32 

33.6 

Area  of  section :  Flood,  176,960  square  feet;  ebb,  160,160 

1,800 

1.25 

38.6 

2.35 

34.6 

square  feet. 

1,900 

L27 

37.6 

2.36 

33.6 

Mid-area,  or  distance,  from  the  origin,  of  a  vertical  line 

2,000 

1.29 

38.6 

2.36 

34.6 

which  divides  the  section  into  two  equal  areas =2, 510 

2,100 

1.29 

30.3 

2.36 

35.3 

feet. 

2,200 

1. 31 

40.6 

2.33 

36.6 

Mid-volume,  or  distance,  from  the  origin,  of  a  vertical 

2,300 

1. 31 

43.1 

2.32 

39.1 

lino  which  divides  the  volume  passing  through  the  sec¬ 

2,400 

1.32 

42.6 

2.29 

38.6 

tion  into  two  equal  parts = flood,  2,521  feet;  ebb,  2,457 

2,500 

1.33 

44.6 

2.26 

40.6 

feet. 

2,600 

1.34 

44.6 

2.22 

40.6 

2,700 

1.34 

47.1 

2.19 

43.1 

2,800 

1. 36 

48.6 

2.17 

44.6 

2,  900 

1.37 

52.1 

2.15 

48.1 

3,000 

1. 38 

53.1 

2.14 

49.1 

3, 100 

1.37 

65.1 

2.12 

51.1 

3,200 

1.32 

60.1 

2.11 

55.1 

3,300 

1.28 

60.1 

2.10 

56.1 

3,400 

1.24 

60.1 

2.09 

56.1 

3,500 

1. 17 

60.1 

2.04 

66.1 

3,600 

1.09 

59.6 

1.96 

55.6 

3,700 

1. 01 

57.1 

L85 

53.1 

3,800 

0.92 

53.1 

1.71 

49.1 

3,900 

0.79 

49.6 

1.54 

45.6 

4,000 

0.65 

41.6 

1.41 

37.6 

4,100 

0.54 

37.1 

L22 

33.1 

[section  at  head  of  pier  33,  New  Tork- 

4,200 

0. 36 

26.1 

0.99 

22.1 

Latitude,  40®  43'  04".8;  longitude,  74®  ©O'  56".2.  End  of 
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Transverse  curves  of  velocity,  and  perimeters — Continued. 

SECTION  xxrx. 


Distance  from  Jersey  side. 

Flood. 

Ebb. 

Remarks. 

Maximam  velocity 
(reduced  to  mean 
tide). 

Depth  (at  standard 
plane  of  maximum 
velocity). 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  standard 
plane  of  mRyiTmim 
velocity). 

Naut  miles 

Feet 

Navi,  miles 

Feet. 

per  hour. 

per  hour. 

0 

0.22 

23.6 

0.71 

19.6 

Latitude,  40°  43' 41". 8;  longitude,  74°  01' 44".8.  Beginning 

100 

0.30 

21.3 

1.06 

17.3 

of  section  at  head  of  pier  9,  Jersey  City. 

200 

0.44 

24.1 

1.23 

20.1 

300 

0.54 

28.6 

1. 39 

24.6 

400 

0.63 

31.1 

1.56 

27.1 

500 

0.71 

.32.4 

1..71 

28.4 

000 

0.75 

34.1 

1.86 

30.1 

700 

0.83 

35.1 

1.96 

31.1 

800 

0.89 

36.6 

2.05 

32.6 

000 

0.92 

36.8 

2.14 

32.8 

1,000 

LOO 

37.4 

2.21 

33.4 

1,100 

1.03 

3a4 

2.25 

34.4 

1,200 

1.07 

39.4 

2.30 

35.4 

1,300 

L08 

39.4 

2.34 

35.4 

1,400 

1.12 

39.4 

2.40 

35.4 

1,500 

1. 13 

39.6 

2.44 

35.6 

1,600 

1. 15 

39.8 

2.47 

35.8 

1,700 

L17 

40.8 

2.48 

36.8 

Area  of  section:  Flood,  182,220  square  feet;  ebb,  165,420 

1,800 

1.21 

41.1 

2.48 

37.1 

square  feet. 

1,900 

1.25 

43.4 

2.48 

39.4 

Mid-area,  or  distance,  from  the  origin,  of  a  vertical  line 

2,000 

L28 

43.8 

2.48 

39.8 

which  divides  the  section  into  two  equal  areas  =  2,480 

2,100 

1.29 

43.8 

2.48 

39.8 

feet. 

2,200 

1.31 

43.8 

2.48 

39.8 

A. 

Mid-volume,  or  distance,  from  the  origin,  of  a  vertical 

2,300 

1.33 

43.8 

2.48 

39.8 

line  which  divides  the  volume  passing  through  the  sec¬ 

2,400 

1.35 

44.4 

2.47 

40.4 

tion  into  two  equal  parts=flood,  2,660  feet;  ebb,  2,319 

2,500 

L36 

45.1 

2.45 

41.1 

feet. 

2,600 

1.36 

46.4 

2.44 

42.4 

2,700 

1.87 

51.4 

2.43 

47.4 

2,800 

L37 

54.4 

2.42 

50.4 

2,000 

1.37 

57.1 

2.39 

53.1 

3.000 

L37 

59.4 

2.37 

55.4 

3. 100 

1. 36 

59.8 

2.34 

55.8 

3,200 

1.36 

60.1 

2.31 

56.1 

3.  .300 

1.35 

6L8 

2.25 

57.8 

3,400 

1.32 

61.6 

2. 14 

57.6 

3,500 

1.27 

60.4 

2.03 

56.4 

3.600 

1. 19 

63.1 

1.88 

59.1 

3,700 

1. 13 

54.4 

1.72 

50.4 

3,800 

LOS 

54.8 

1.57 

50.8 

3,900 

0.97 

54.4 

1.34 

50.4 

4,000 

0.90 

20.6 

1. 14 

25.6 

4,100 

0. 70 

26.4 

0.96 

22.4 

(section  at  head  of  pier  4.5,  Xew  York. 

4,200 

0.49 

23.7 

0.73 

19.7 

Latitude,  40®  43'  37".8;  longitude,  74^  00'  .W'.S.  End  of 

S.  Ex.  37 - 23 
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EEPOET  UF  THE  SUPERINTENDENT  OF 


Tramverse  curves  of  velocity j  and  perimeters — Continued. 

SECTION  XXX. 


o 

s 

’« 

Flood. 

Ebb. 

<9 

£ 

o 

1 

(D 

U 

a 

S 

30 

s 

Maximam  velocity 
(reduced  to  mean 
tide). 

Depth  (at  standard 
plane  of  maximum 
velocity). 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  standard, 
plane  of  maximum 
velocity). 

Eemarks. 

Naut  miles 
per  hour. 

Feet. 

NauL  miles 
per  hour. 

Feet 

0 

0.23 

24.6 

0.82 

20.6 

Latitude,  40°  44'  13".0 ;  longitude,  74°  01'  32".6.  Beginning 

100 

0.53 

29.1 

1. 10 

25.1 

of  section  at  North  Second  street  wharf^  Hoboken. 

200 

0.  71 

34.6 

1.39 

30.6 

300 

0.83 

37.1 

L65 

33.1 

400 

0.90 

42.6 

1.92 

38.6 

500 

0.92 

51. 1 

2.08 

47.1 

600 

0.94 

46.6 

2.15 

42.6 

700 

0.96 

46.8 

2. 17 

42.8 

800 

0.97 

47.1 

2.18 

43.1 

000 

0.98 

47.1 

2.20 

43.1 

1,000 

1.00 

47.6 

2.  22 

43.6 

1, 10(T 

1.  01 

48.1 

2.27 

44.1 

1,200 

1.03 

50.6 

2.29 

^6 

1,300 

LOS 

49.1 

2.  30 

45.1 

1,  400 

1.06 

49.1 

2. 31 

45.1 

Area  of  section:  Flood,  184,798  square  feet;  ebb,  170,078 

1,500 

1.09 

50.6 

2. 31 

46.6 

square  feet. 

1,600 

1. 11 

51.1 

2.32 

47.1 

Mid-area,  or  distance,  firom  the  origin,  of  a  vertical  lino 

1,  700 

1. 12 

51.6 

2.33 

47.6 

which  divides  the  section  into  two  equal  areas  =  1,990 

1,800 

1. 14 

53.1 

2.33 

49.1 

feet. 

1,900 

2,000 

2, 100 

2,  200 

1. 17 

59.1 

2.33 

55.1 

Mid-volume,  or  distance,  from  the  origin,  of  a  vertical 

1. 19 

5a8 

2.33 

54.8 

1.22 

61.6 

2.33 

57.6 

line  which  divides  the  volume  passing  through  the  sec¬ 

L24 

67.6 

2.33 

63.6 

tion  into  two  equal  i»art8  =  flood,  2,127  feet;  ebb,  1,933 

2,300 

1.26 

70.6 

2. 33 

66.6 

feet. 

2,400 

1.27 

73.6 

2.33 

69.6 

2,  500 

1.29 

73.6 

2.  31 

69.6 

2,600 

1.  29 

73.6 

2.  29 

69.6 

2,  700 

1.29 

72.1 

2.23 

68.1 

2,800 

1.29 

70.6 

2. 17 

•66.6 

2,900 

1.29 

63.6 

2.09 

59.6 

3,000 

L27 

56.6 

1.97 

52.6 

3, 100 

1. 21 

47.1 

1.89 

43.1 

3,200 

1. 15 

52.6 

L81 

48.6 

3,300 

1.03 

32.6 

1.69 

28.6 

3,400 

0.90 

31.1 

1.58 

27.1 

3,500 

0.  73 

22.6 

1.46 

18.0 

3,600 

0.57 

12.1 

1.  32 

8.1 

[section  at  foot  of  Bank  street,  New  York. 

3,680 

0.  42 

11.1 

1. 16 

7.1  I 

Latitude,  40°  44'  06".8;  longitude,  74°  ©O'  45". 4.  End  of 
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Trarisverae  curves  of  velocity^  and  perimeters — Continued. 

SECTION  XXXI. 


Distance  from  J ersey  side. 

Flood. 

Ebb. 

Remarks. 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  standard 
plane  of  maximum 
velocity). 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  standard 
plane  of  maximum 
velocity). 

NauLmiUt 

Feet 

NauL  milee 

Feet 

per  hour. 

per  hour. 

0 

0.91 

4.1 

2.07 

0.1 

Latitude,  40°  44'  38". 9 ;  longitude,  74°  01'  24".4.  Beginning 

100 

LOl 

15.6 

2.27 

11.6 

of  section  at  Castle  Point. 

200 

LOl 

34.1 

2.35 

30.1 

300 

1.00 

38.1 

2.37 

34.1 

400 

0.90 

42.1 

2.39 

38.1 

500 

0.96 

4&1 

2.40 

44.1 

000 

0.96 

6L1 

2.40 

47.1 

700 

0.99 

54.1 

2.40 

50.1 

800 

LOO 

56.1 

2.39 

52.1 

900 

1.05 

5ai 

2.37 

54.1 

1,000 

LOO 

59.1 

2.36 

55.1 

1,100 

L13 

63.1 

2.35 

59.1 

1,200 

Lie 

67.1 

2.35 

63.1 

1,300 

1.21 

74.1 

2.35 

70.1 

Area  of  section:  Flood,  160,530  square  feet;  ebb,  147,730 

1,400 

L24 

74.1 

2.35 

70.1 

square  feet. 

1,600 

L28 

74.1 

2.35 

70.1 

Mid-area,  or  distance,  from  the  origin,  of  a  vertical  line 

1,000 

L31 

75.6 

2.35 

71.6 

which  divides  the  section  into  two  equal  areas=cl,536  feet. 

1,  700 

L32 

75.1 

2.35 

71.1 

1,800 

1,  900 

Mid- volume,  or  distance,  frrom  the  orign,  of  a  vertical 

L34 

70.1 

2.35 

66.1 

line  which  divides  the  volume  passing  through  the  section 

2,000 

L34 

68.3 

2.35 

64.3 

into  two  equal  parts=flood,  1,700  feet;  ebb,  1,486  feet. 

2,100 

L32 

59.3 

2.32 

55.3 

2,200 

LSI 

60.1 

2.31 

56.1 

, 

2,300 

L28 

54.1 

2.16 

50.1 

2,400 

L27 

50.3 

L94 

46.3 

2,500 

L27 

43.8 

1.65 

39.8 

2,600 

L27 

39.1 

L36 

35.1 

2,700 

L27 

34.1 

1.03 

30.1 

2,800 

L27 

32.6 

0. 76 

2a6 

2,900 

L27 

20.1 

0.45 

25.1 

3,000 

L14 

14.1 

0.18 

10.1 

3,100 

0.61 

11.3 

0.08 

7.3 

[tion  at  head  of  wharf  foot  of  Fourteenth  street.  New  York. 

3,200 

0.00 

10.3 

0.00 

6.3 

Latitude,  40°  44'  33".4 ;  longitude,  74<’  (HK  43".4.  End  of  sec- 
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EEPORT  OF  THE  SUPERINTENDENT  OF 


Transverse  curves  of  velocity^  and  perimeters — Continued. 

SECTION  XXXIL 


Distance  from  New  York 

side. 

Flood. 

Ebb. 

Bemarka. 

Maxini^inn  velocity 
(reduced  to  mean 
tide). 

Depth  (at  standard 
plane  of  maximum 
velocity). 

Maximum  velocity 
(r^uced  to  mean 
tide). 

Depth  (at  standard 
plane  of  maximum 
velocity). 

1 

NauL  miles 

Feet  . 

Naut  miles 

Feet 

per  hour. 

per  hour. 

0 

0.25 

13.4 

0.30 

9.6 

Latitude,  40°  44'  50".0 ;  longitude,  74®  00'  40".2.  Section 

100 

0.58 

1&9 

0.69 

13.1 

begins  at  New  York  side. 

200 

0.70 

18.4 

0.89 

14.6 

300 

0.83 

26.4 

1.08 

22.6 

400 

0.91 

32.9 

1. 25 

29.1 

500 

0.99 

34.9 

1. 39 

31.1 

800 

1. 07 

38.4 

1. 51 

34.6 

700 

1. 12 

45.4 

1.67 

41.6 

800 

1. 17 

45.4 

1. 76 

41.6 

900 

1.24 

50.9 

1.88 

47.1 

1,000 

1. 26 

54.9 

2.01 

51.1 

1,100 

L30 

58.9 

2.06 

55.1 

1,200 

1.33 

57.3 

2.23 

53.5 

1, 300 

1.34 

57.3 

2.29 

53.5 

1,400 

1. 35 

57.3 

2.40 

53.5 

1,600 

1. 37 

65.6 

2.47 

61.8 

1,600 

1.39 

64.3 

2.53 

60.6  * 

Area  of  section :  Flood,  162,831  square  feet ;  ebb,  148,194 

1, 700 

L39 

64.0 

2.56 

60.2 

square  feet. 

1,800 

1. 39 

65.3 

2.61 

6L5 

Mid<area,  or  distance,  ftem  the  origin,  of  a  vertical  line 

1,900 

1. 39 

65.3 

2.63 

61.5 

which  divides  the  section  into  two  equal  areasa^l,770  feet. 

2,000 

1.38 

63.6 

2.65 

59.8 

2,100 

1.35 

63.6 

2.65 

59.8 

Mid-volume,  or  distance,  from  the  origin,  of  a  vertical 

2,200 

1.34 

67.8 

2.67 

63.5 

line  which  divides  the  volume  passing  through  the  section 

2, 300 

L33 

56.3 

2.67 

52.5 

into  two  equal  parts  — flood,  1,759  feet ;  ebb,  1,870  feet. 

2, 400 

1. 33 

58.7 

2.70 

54.9 

2,500 

1. 31 

61.0 

2.70 

57.2 

2,600 

1.24 

5L2 

2.65 

47.4 

2,700 

1. 21 

37.8 

2.56 

34.0 

2, 800 

1. 17 

41.2 

2. 45 

37.4 

2,900 

1. 12 

38.9 

2.25 

35.1 

3,000 

1.06 

36.9 

2.06 

33.1 

3, 100 

0.99 

31.5 

1.86 

27.7 

3,200 

0.90 

28.2 

1.64 

24.4 

3, 300 

0. 75 

las 

1.37 

12.5 

3, 400 

0.66 

14.0 

LOS 

10.2 

0 

3,500 

0.51 

11.8 

0.79 

&0 

• 

3,600 

0.39 

9.0 

0. 49 

5.2 

3, 700 

0.20 

7.9 

0.20 

4.1 

3, 800 

0.00 

7.0 

0.00 

3.2 

[ends  at  Jersey  shore. 

3,852 

0.00 

5.0 

0.00 

1.2 

Latitude,  40°  44'  54".2;  longitude,  74°  01'  29".6.  Section 
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Transverse  curves  of  velocity ^  and  perimeters — Continued. 

SECTION  XXXUI. 


'2 

5 

Flood. 

Ebb. 

Eemarks. 

Distance  from  New 
side. 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  standard 
plane  of  maximum 
velocity). 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  standard 
plane  of  maximum 
velocity). 

Naut  miUa 

Feet. 

NauL  miles 

Feet. 

per  hour. 

per  hour. 

0 

0.36 

12.5 

0.37 

a5 

Latitude,  40o  45'  15".6;  longitude,  74°  00'  80".2.  Section 

100 

0.52 

30.8 

0.56 

26.8 

begins  at  New  York  side. 

200 

0.67 

33.3 

1.18 

29.3 

300 

0.79 

340 

1.79 

30.0 

400 

0.02 

345 

L88 

30.5 

500 

L04 

37.3 

1.99 

33.3 

600 

1.14 

37.0 

2.16 

33.0 

700 

1. 21 

36.8 

2.25 

32.8 

800 

1.28 

37.3 

2.35 

33.3 

900 

1.35 

37.8 

2.39 

33.8 

1,000 

1.38 

38.1 

2.44 

34.1 

1, 100 

1.42 

38.5 

2.54 

34  5 

1,200 

L45 

39.0 

2.55 

35.0 

1,300 

1.47 

39.4 

2.61 

35.4 

1,400 

1.49 

39.4 

2.63 

35.4 

1,500 

1.52 

40.9 

2.63 

36.9 

1,600 

1.54 

40.9 

2.63 

36.9 

1,700 

L55 

41.9 

2.63 

37.9 

1,800 

L55 

42.9 

2.65 

38.9 

1,900 

L55 

44.2 

2.65 

40.2 

2,000 

L55 

48.0 

2.66 

44.0 

2,100 

L52 

4a  3 

2.65 

44.3 

Area  of  section :  Flood,  161,068  square  feet ;  ebb,  142,200 

2,200 

L52 

4a  3 

2.65 

44.3 

square  feet. 

2,300 

1. 49 

4a4 

2.65 

44.4 

Mid-area,  or  distance,  from  the  origin,  of  a  vertical  line 

2,400 

L40 

49.9 

2.65 

45.9 

which  divides  the  section  into  two  equal  areas=2,080  feet. 

2,500 

1.47 

61.3 

2.65 

47.3 

Mid-volume,  or  distance,  from  the  origin,  of  a  vertical 

2,600 

1.46 

50.4 

2.65 

46.4 

line  which  divides  the  volume  passing  through  the  section 

2,700 

1. 42 

49.9 

2.65 

45.9 

into  two  equal  x>arts»flood,  2,020  feet ;  ebb,  2,090  feet. 

2,800 

1.38 

50.1 

2.63 

4a  1 

2,900 

1.35 

50.1 

2. 58 

4ai 

3,000 

1.28 

50.3 

2.49 

46.3 

3,100 

1.24 

47.6 

2.39 

43.6 

• 

3,200 

L17 

46.9 

2.25 

42.9 

3,300 

1.12 

44.0 

2.15 

40.0 

3,400 

1.07 

41.2 

1.98 

37.2 

3,500 

0.92 

32.0 

1.  79  * 

2ao 

3,600 

0.81 

23.0 

1.58 

19.0 

3,700 

0.71 

21.2 

L34 

17.2 

3,800 

0.57 

18.0 

1. 13 

14  0 

3,900 

0.50 

lao 

0.94 

9.0 

4,000 

0.35 

10.0 

0. 70 

ao 

4,100 

0.21 

10.0 

0. 47 

ao 

4,200 

0.07 

ao 

0.19 

2.0 

4,300 

0.00 

5.7 

0.00 

1.7 

4,400 

0.00 

5.2 

0.00 

1.2 

4,500 

0.00 

4.7 

0.00 

0.7 

4,600 

0.00 

4  3 

0.00 

0.3 

4,700 

0.00 

4  0 

0.00 

0.0 

[ends  at  Jersey  shore. 

4.717 

0.00 

4.0 

0.00 

0.0 

Latitude,  40°  45'  36". 0 ;  longitude,  74°  01'  25".4.  Section 
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EBPOET  OF  THE  SUPBEINTENDENT  OF 


Transverse  curves  of  velocity ^  and  perimeters — Continued. 

SECTION  XXXIV. 


Distance  from  New  York 
aide. 

Flood. 

Ebb. 

Remarks. 

Maxinmm  velocity 
(reduced  to  mean 
tide). 

Depth  (at  standard 
plane  of  maximum 
velocity). 

Maximum  velocity 
(reduced  to  mean 
tide). 

Depth  (at  standard 
plane  of  maximum 
velocity). 

NauLmUeM 

Feet 

Kaxtt  mih’.s 

Feet 

per  hour. 

per  hour. 

0 

0.33 

15.9 

1.27 

12.1 

Latitude,  40°  45'  45".8 ;  longitude,  74°  00'  10".8.  Section 

100 

0.48 

18.0 

1. 51 

14.2 

begins  at  New  York  side. 

200 

0.64 

20.0 

L72 

16.2 

300 

0.80 

22.0 

L94 

■ia2 

400 

0.92 

24.0 

2.16 

20.2 

500 

1.04 

26.0 

2.27 

22.2 

600 

1.12 

32.3 

2.46 

2a  5 

700 

1. 21 

34.1 

2.59 

80.3 

800 

1.29 

36.5 

2.70 

32.7 

900 

L36 

37.8 

2.75 

84.0 

1,000 

1.44 

38.2 

2.75 

34.4 

1, 100 

L48 

39.2 

2.79 

35.4 

1,200 

1.52 

39.8 

2.79 

3a  0 

1,300 

L53 

40.0 

2.79 

3a2 

1,400 

1.58 

40.0 

2.81 

3a2 

1,500 

LOO 

40.0 

2.81 

3a  2 

1,600 

LOO 

40.0 

2.81 

3a2 

1,700 

LOO 

40.0 

2.81 

3a2 

1,800 

1.60 

40.0 

2.81 

8a2 

1,900 

L60 

40.3 

2.81 

3a5 

Area  of  section :  Flood,  158,200  square  feet ;  ebb,  141,100 

2,000 

L57 

4L0 

2.81 

87.2 

square  feet. 

2  100 

L53 

4L6 

2.81 

37.7 

2,^00 

L52 

42.  0 

2. 81 

38.2 

Mid-area,  or  distance,  from  the  origin,  of  a  vertical  line 

2,300 

L52 

42.5 

2.76 

3a7 

which  divides  the  section  into  two  equal  areas— 2,277  feet. 

2,400 

1.48 

43.0 

2.72 

89.2 

Mid- volume,  or  distance,  from  the  origin,  of  a  vertical 

2,500 

L45 

44.0 

2.68 

40.2 

lino  which  divides  the  volume  passing  through  the  section 

2,600 

1.44 

46.0 

2.59 

42.2 
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SECTION  XXXVI. 
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Tramverse  curves  of  velocity,  and  perimeters — Contiiuied. 

SECTION  XXXVIl. 


Flood. 


Ebb. 


J  2 

>  5 

§  I  . 

9  3 

|S3 


Is 

»  S  . 

gif 


>>  p 

±:  p 

I  i 

S  2 

p  V. 


•S  ^ 
•S-  ® 

O  y 

43  P  O 


'  p.  > 


Rcraarkn. 


Xaut  miles 

Feet. 

A'aut  miles 

Feet. 

per  hour. 

per  hour. 

0 

0.80 

34.5 

2.59 

30.7 

100 

0.92 

34.0 

2,60 

30.2 

200 

0.97 

37.0 

2.60 

33.2 

300 

1.04 

39.7 

2.60 

35.9 

400 

1.08 

42.5 

2.58 

38.7 

500 

L12 

42.5 

2.58 

38.7 

000 

1. 16 

43.8 

2.58 

40.0 

700 

1. 19 

45.1 

2.58 

41.3 

800 

1. 21 

46.5 

2.58 

42.7 

900 

L26 

47.2 

2.58 

43.4 

1.000 

1.29 

49.0 

2.58 

45.2 

1,  100 

1.34 

50.0 

2.58 

46.2 

1,200 

1.40 

51.5 

2.58 

47.7 

1,300 

L40 

52.0 

2. 58 

48.2 

1,400 

1.40 

52.6 

2.58 

48.8 

1,500 

1.40 

53.0 

2.58 

49.2 

1.  600 

1.40 

53.7 

2.58 

49.9 

1.700 

L40 

54.5 

2.58 

50.7 

1,800 

1. 40 

53.0 

2.58 

49.2 

1,900 

L40 

53.2 

2.58 

49.4 

2,000 

1.40 

53.5 

2.58 

49.7 

2, 100 

L40 

60.0 

2.58 

46.2 

2,200 

1.40 

49.0 

2.58 

45.2 

2,300 

1.40 

48.1 

!  2.58 

44.3 

2,400 

1.40  1 

47.5 

2.  55 

43.7 

2,500 

1,36 

44.5 

2.51 

40-7 

2,600 

L33 

35.5 

2.  51 

31-7 

2,700 

1.29 

35.0 

2.48 

31-2 

2.800 

1.26 

34.5 

2.47 

30-7 

2,900 

1.26  ' 

f  29.7 

2.45 

25.9 

3,000 

1.21 

!  28. 0 

2.45 

.  24-2 

3,100 

1.19 

1  26. 7 

2.  45 

22.  9 

3,200 

1.19  1 

25.5 

2.43 

21.7 

3,300 

1. 15  ' 

22.5 

2.32 

18.7 

3,400 

i 

22.0 

2.32 

18-2 

3.500 

20.0 

2.31 

16.2 

3,600 

1.07 

19.2 

2.26 

15.4 

3,700 

L03 

las  i 

2.19 

14.7 

3,  800 

0.94  j 

14.5 

2.13 

10.7 

3,900 

0. 8.5 

17.2 

2.00 

13.7 

4,000 

0.75 

12.2 

1  54 

a4 

4,  100 

0.58 

9.0 

1.26 

6.2 

4.200 

0. 42 

4.2 

0.80 

0.4 

4.297 

0.00 

4.2 

0.00 

1  0.4 

1 

Latitude,  4(P  47'  07".4;  longitude,  73^  59^  08".4.  Section 
begins  at  New  York  side. 


Area  of  section:  I'IjkmI,  158,707  square  feet;  ebb,  142,379 
square  feet. 

Mid-area,  or  distance,  from  the  origin,  of  a  vertical  lino 
which  divides  the  section  into  two  equal  areas = 1,683  feet. 

Mid-volume,  or  distance,  from  the  origin  of  a  vortical 
lino  which  divides  the  volume  passing  through  the  section 
into  two  equal  parts =floofl,  1,700  feet;  ebb,  1,533  feet. 


[ends  at  Jersey  shore. 
Latitude,  40®  47'  27".3;  longitude,  73°  59'  57".8.  Section 


S.  Ex.  37 - 24 


Digitized  by 


186 


HEPURT  OF  THE  SUPERINTENDENT  OF 


APPENDIX  No.  11. 

REPORT  CONCERNING  THE  LOCATION  OF  A  QUAY  OR  PIER  LINE  IN  THE  VICINITY  OF  THE  TTNITED 

STATES  NAVY-YARD  AT  NEW  YORK. 

Dear  Sir  :  I  hog  leave  to  present  the  results  of  a  little  study  that  we  have  made  of  the  move¬ 
ments  of  the  currents  of  the  East  Kiver,  near  the  navy-yard,  and  to  suggest  the  location  of  a  quay 
or  pier  line  that  would  improve  navigation  in  this  neighborhood. 

In  making  our  study  of  the  currents  we  have  followed  much  the  same  plan  that  we  adopted  in 
locating  the  South  Boston  sea-wall  in  except  that  more  recent  experiences  in  San  Francisco, 
New  York,  and  elsewhere  Inn^e  led  to  some  improvements  in  the  aiTangement  of  our  stations  and 
in  the  reduction  of  oiu'  observations.  We  have  determined  the  transverse  curves  of  velocities  and 
the  profiles  of  cori'esponding  cross-sections  of  the  river,  so  as  to  ascertain  the  degree  of  accommoda¬ 
tion  which  the  channel  oilers  to  the  flood  and  ebb  resiiectively,  and  we  have  plotted  the  directions 
of  the  currents.  Unlike  the  case  presented  at  Boston,  the  comparisons  of  profile  and  transverse 
curves  of  velocity  show  that  the  channel,  in  its  form,  does  not  letiect  the  action  of  one  stream 
(either  ebb  or  flood),  but  its  unyielding  bed,  near  the  navy -yard  and  elsewhere  in  the  EastEiver, 
controls  the  curves  and  influences  the  velocities  of  the  currents,  both  of  ebb  and  flood.  The  com¬ 
parisons,  however,  indicate  that  artificial  control  at  some  points  may  prove  beneficial  to  the  naviga¬ 
tion,  by  diminishing  the  races  and  eddies  that  are  due  to  the  present  irregular  borders  of  the  river. 

We  have  designed,  and  in  a  measure  succeeded  in,  representing  graphically  the  elements  of 
our  study  (see  illustration  No.  23) ;  but  that  nothing  may  be  w  anting  we  have  added  to  this  report 
the  tables  from  which  the  diagrams  are  plotted. 

Before  commenting  upon  the  details  of  these  diagrams,  I  must  call  your  attention  to  a  distinction 
between  Nos.  1  and  2,  and  those  marked  A,  B,  and  C.  In  the  former,  for  the  sake  of  conformity 
witli  the  w  ork  done  by  the  United  States  commission  on  the  pier-lines  of  Brooklyn,  we  have  reduced 
the  velocities  by  ratios,  adopted  by  said  commission,  based  upon  the  rise  and  fall  of  tide ;  but  in 
the  latter,  by  volumes  actually  measured  at  Wall-street  section. 

We  have  preferred  the  reduction  by  volume  rather  than  that  by  rise  and  fall  of  tide,  because 
the  currents  being  of  the  ‘‘interference’^  order  [L  c.,  an  interchange  between  two  tidal  systems — that 
of  Long  Island  Sound  and  the  Sandy  Hook  entrance)  they  are  out  of  register  with  the  local  rise  and 
fall ;  and  it  has  seemed  to  us  that  nothing  but  a  reduction  to  mean  volume  by  actual  gauging  of  ebb 
ami  flood  currents  can  bring  observations  in  dilferent  sections  of  our  w  ork  into  their  natural  c>on- 
formity.  We  have  used  the  result  of  the  gauging  at  Wall  street,  which  gave  us  208,333  cubic  feet 
per  second  at  maximum  current  of  mean  tides.  Whether  the  filling  and  draining  of  the  space 
between  Wiill  street  and  the  navy -yard  would  augment  or  diminish  this  volume  w^e  arc  unable  to  say 
until  further  gaugings  are  made.  Whichever  way  it  counts,  it  w  ill  affect  the  velocities  only  2  per 
cent,  at  the  utmost.  If  w  e  consider  this  additive  both  to  flood  and  ebb,  we  still  find  the  results  of 
the  commission  largely  in  excess  of  ours. 

We  have  regarded  the  velocity  in  the  East  Eiver  as  a  function  of  the  slope  or  ditt'erence  of 
level  between  the  water  surfaces  of  the  harbor  and  sound  at  each  instant  of  time,  and  it  is  this  slope 
which  I  have  recently  desired  instructions  to  determine  for  dilferent  phases  and  declinations  of  the 
moon  in  connection  w  ith  current-observations,  in  order  that  w  e  may  compute  tables  of  velocity  for 
the  use  of  navigators. 

The  changes  in  the  areas  and  pei-imeters  of  the  sections  are  so  small  from  springs  to  neaps  that 
I  expect  only  to  have  to  determine  a  single  coefficient,  which,  multiplied  into  the  square  root  of  the 
slope,  shall  give  the  velocity  of  the  current  for  any  designated  reach  of  the  river. 

Diagram  A  or  B  is  constructed  from  observations  at  three  sections,  at  each  of  which  the  currents 
w  ere  simultaneously  observed  at  three  points  at  the  time  of  maximum.  These  three  points  and  the 
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two  ends  of  the  section  which  we  either  called  zero  or  (if  a  smooth  wall)  estimated  for,  ^ve  us  the 
means  of  constructing  a  pretty  acciu'ate  cun^e.  This  curve,  being  the  velocity  of  the  upper  10  feet 
stratum  (10  feet  being  the  draught  of  our  log),  was  then  corrected  by  applying  such  a  coeMcient  as 
should  provide  for  the  passage,  by  such  a  curve,  of  the  standard  mean  volume.  Our  (bagram,  then, 
represents  the  average  movement  from  surface  to  bottom  at  the  moment  of  maximum  flood  or  ebb 
of  an  ordinary*  tide. 

Diagram  C  is  simply  a  combination  of  A  and  B,  designed  to  show  how  well  Ave  have,  upon  the 
whole,  filled  our  quay  to  the  compromise  lines  of  ebb  and  flood. 

Our  quay -line  proposetl  is  the  arc  of  a  circle  of  3,500  feet  radius  which  passes  through  the  head 
of  the  Williamsburg  Ferry  berth,  and  through  a  point  40  feet  within  the  salient  angle  of  the  wharf  at 
the  western  extremity  of  the  cove  occupied  in  i)art  by  the  cob-dock.  This  salient  angle,  to  which 
we  have  just  refeiTcd,  ought  to  be  cut  oft‘;  it  otters  too  great  an  obstruction  to  the  ebb,  causing 
eddies  which  bewilder  the  navigation. 

SupiK)sing  the  cob-dock  removed,  the  (;ove  within  our  proposed  quay  would  have  an  area  of  about 
100  acres,  and  would  accommodate,  if  excavated,  as  many  first-class  ships,  closely  moored,  or  twice 
as  many  miscellaneous  vessels. 

Of  course,  a  nearly  continuous  quay-wall  along  our  pioposed  line  would  best  favor  navigation 
up  and  down  the  river,  and  in  case  this  were  decided  upon,  a  proper  place  for  the  entrance  to  the 
navy-yard  woidd  be  found  800  to  1,100  feet  from  the  westerly  end  of  the  proposed  wall.  An  opening 
here  of  250  feet,  which  would  be  greater  than  that  of  the  Atlantic  Dock,  would  not,  we  think,  give 
rise  to  eddies  or  be  at  any  time  ditticult  of  access,  and  we  should  prefer  to  double  this  width  rather 
than  provide  a  second  opening  near  the  eastern  extremity  of  the  arc  we  have  drawn. 

If,  instead  of  a  nearly  coutinuous  quay,  it  should  be  decided  to  adopt  our  line  as  a  pm'-line  in  the 
ordinary  .sense,  L  e.,  the  limit  of  wharves,  we  still  think  that  an  improvement  of  navigation  would 
be  effected  when  these  Avharves  should  all  be  built  to  the  full  extent,  but  we  should  wish  to  limit 
the  width  of  the  slips  to  the  practical  minimum  for  first-class  accommodation — say  15Q  to  200  feet 
ill  the  clear. 


We  have  ma<le  some  calculations  to  ascertain  how  the  velocities  in  the  axis  of  the  stream  and 
the  forms  of  the  transverse  curves  will  be  affected  by  the  presence  of  such  a  quay  as  we  suggest 
(see  table  of  Section  VIII).  The  general  premise  for  siudi  a  calculation  would  be  this :  ^yhere  the 
encroaching  trail  is  to  lie  parallel  to  the  course  of  the  existing  current^  it  will  not  alter  the  form  of  the 
transverse  curve  of  velocities  hut  increase  these  velocities  by  so  rntieh  as  may  he  due  to  the  moving  volume 
cut  off  hy  said  wall.  Our  case  is  not  precisely  this,  but  woidd  amount  to  no  more  if  allowance  is 
made  for  the  irregularities  of  the  shore  which  now  exist.  Oidy  one  section — VIII — is  attected  by 
the  wall  appreciably,  and  this  change  is  too  small  to  be  exhibited  iqion  the  diagrams. 

Tlie  observations  which  form  the  basis  of  this  report  are  a  part  of  the  general  study  of  the  East 
River,  which  we  have  in  hand.  This  study  has  been^under  my  direction,  but  the  field-work  has 
fallen  mostly  upon  others.  Mr.  F.  F.  Nes,  vdth  the  steamer  Arago,  Mr.  H.  L.  Marindin,  with  tlie 
schooner  Bowditch,  and  Mr.  John  B.  Weir,  with  the  schooner  Hassler,  formed  the  working  force, 
and  their  records  of  simultaneous  work  have  been  deposited  in  the  archives.  The  computations 
which  are  apiiended  are  the  work  of  Mr.  Weir,  to  whom  I  am  also  indebted  for  many  suggestions 
about  the  plans  presented. 


Very  respectfully,  yours. 


HENRY  MITCHELL, 


Carlilk  P.  Patterson, 


United  States  Coast  Survey, 


Superintendent  United  States  Coast  Survey, 
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KKPORT  OP  THE  SUPERINTENDENT  OF 


Skction  No.  VI.— EAST  RIVER,  NEW  YORK. 

Time  afU‘r  transit :  Flood,  G**  30“ ;  ebb,  0^. 


Distance  fh>m  ! 
Brookl}-u  side,  j 

Observed  maximum 
velocity. 

Observed  velocity  re¬ 
duced  to  mean  max¬ 
imum. 

Mean  maximum  re¬ 
duced  to  accepted 
tracing. 

" 

Remarks. 

Flood. 

Ebb. 

Flood. 

Ebb. 

Flood. 

Ebb. 

0 

0.00 

3.36 

Co<if.=0.96 
0. 00 

Co^.=0.83 
2.  78 

Co</.=  1.43 
0. 00 

(7o</.=1.23 
3. 41 

BrookljTi  end  of  cable-crossing. 

100 

0.98 

3. 48 

0.94 

2.88 

L34 

3.54 

200 

1. 43 

3.55 

1.37 

2.94 

1.95 

3.  61 

300 

1.88 

3.59 

1.80 

2.97 

2.57 

3.65 

400 

2.47 

3.60 

2.37 

2.98 

3.  38 

3.66 

500 

3. 10 

3.60 

2.98 

2.08 

4. 26 

3.66 

600 

3.60 

3.60 

3.45 

2.98 

4.93 

3.66 

Area  of  section  at  time  of  maximum :  Flood,  58,503 

700 

3.  77 

3.55 

3.  61 

2.94 

5. 16 

3.  61 

square  feet;  ebb,  54,657  square  feet. 

800 

8.82 

3.  49 

3.66 

2.87 

5.23 

3.53 

The  accepted  tracing  referred  to  is  that  adopted  by 

900 

3. 78 

3. 40 

3.62 

2.82 

5. 17 

3. 46 

the  commissioners  on  the  pier-lines  of  Brooklyn. 

1, 000 

3.67 

3.  30 

3.53 

2.  73 

5.04 

3.35 

1, 100 

3. 49 

3.20 

3.  35 

2.65 

4.  79 

3.  25 

• 

1,200 

3.38 

3.10 

3.24 

2.57 

4.63 

3. 16 

1, 300 

3.07 

2.95 

2.94 

2.44 

4.  20 

3.00 

1,400 

2.85 

2.  72 

2.73 

2.25 

3.90 

2.  76 

Pier  54,  New  York.  ^ 

1,408 

2.83 

2.70 

2.59 

2.24 

3. 70 

2.75 

John  B.  Wkib,  Computer. 

Section  No.  VII.— EAST  RIVER. 

Time  after  transit ;  Floo<l,  O'*  30“ ;  ebb,  O**. 


1- 
g|  , 

Observed  maximum 
velocity. 

Observed  velocity  re¬ 
duced  to  mean  max¬ 
imum. 

Mean  maximum  re¬ 
duced  to  accejited 
tracing. 

Remarks. 

1  s 

3 

Flood. 

Ebb. 

Flood. 

Ebb. 

Flood. 

Ebb. 

0 

0.00 

aoo 

(7o<if.=0.93 

0.00 

Conf.=  1.03 
0.00 

Oo</^.=1.43 

0.00 

<7o<?A=l  23 
0.00 

Cob-dock  face  (old  line). 

100 

0.08 

0.00 

0.07 

0.00 

0. 10 

0.00 

200 

0. 19 

0.03 

0. 17 

0.03 

0.24 

0.03 

300 

0.35 

0.06 

0.32 

0.06 

0.45 

0.07 

400 

0.58 

0. 13 

0.53 

0. 13 

0. 75 

0. 15 

500 

0.89 

0.20 

0.82 

0.20 

1. 17 

0.24 

600 

1.33 

0.50 

1.23 

0.  51 

1.75 

0.62 

700 

1.82 

0. 78 

1.69 

0.80 

2.41 

0.98 

800 

2.20 

1. 15 

2.04 

1. 18 

2.91 

1. 45 

Area  of  section  at  time  of  maximum :  Flood,  94,440 

900 

2.45 

1.  57 

2.27 

1.60 

3.24 

1.88 

square  feet;  ebb,  88,512  square  feet.. 

1,000 

1, 100 
1,200 

2.70 

2.00 

2.51 

2. 06 

3.58 

2.53 

The  accepted  tracing  reforre«l  to  is  that  adopted  by 

2.88 

2.31 

2.67 

2. 38 

3.  81 

2.80 

aoo 

2.60 

2.79 

2.67 

3.98 

3.28 

the  commissioners  on  the  pier-lines  of  Brookl>'n. 

1,300 

3.08 

2.75 

2.86 

2.83 

4.  08 

3.  48 

1, 400 

3.07 

2.81 

2.85 

2.89 

4.07 

3.55 

1,600 

2.94 

2.81 

2. 73 

2.89 

3.90 

3.55 

1,600 

2.65 

2.78 

2. 46 

2.  86 

3. 51 

3.  51 

1,700 

2.29 

2.67 

2. 12 

2.75 

3.03 

3.38 

1,800 

L78 

2.50 

1.65 

2.57 

2.35 

3. 16 

1,900 

1.35 

2.30 

1.26 

2.37 

1. 91 

2.91 

2,000 

0.85 

2.05 

0.79 

2.11 

1. 12 

2.59 

2,100 

0.45 

1.65 

0.41 

1.69 

0.58 

2.07 

2,200 

0.05 

1.13 

0.04 

1. 16 

0.  05 

1. 42 

2,300 

—0.25 

0.40 

—0.23 

0. 41 

—0.32 

0.50 

2,330 

—0.35 

0.17 

—0.32 

0.17 

—0.45 

0.20 

Comer  of  pier,  Corlear’s  Hook. 

John  B.  Weir,  Computer. 
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Skction  No.  VIII.— EAST  RIVER,  NEW  YORK. 
[Velocities  in  nautical  miles  per  hour.] 


i  ^ 

* 

G  S 

G  81 

Observed  maximum 
velocity. 

Observed  \ 
duced  to 
imum. 

’■elocity  re- 
mean  max- 

Meau  maximum  re¬ 
duced  to  accepte<l 
tracing. 

Maximum  velocity  af¬ 
ter  reducing  section 
by  new  luer-line. 

Remarks. 

.3  J3  ^ 

X  ^  3 

Flood. 

Ebb. 

Flood. 

Ebb. 

F1o<h1. 

Ebb. 

Flood. 

Ebb. 

I'eeL 

0 

0.00 

0.00 

(7o</.=  0.93 
0.00 

■ 

Co(^  —  0M 
0. 00 

Co^.=  1.43 
0.00 

Coe/.  =  1.23 

0.00 

Co^  — 1.03 
0.00 

Oo^.=  1.03 
0.00 

100 

1.  57 

0.25 

1. 45 

0.23 

2.02 

0.28 

1. 49 

0.23 

1  167 

1.  85 

0. 40 

1. 72 

0.  36 

2.45 

0.  44 

1. 77 

0.  37 

200 

1.  96 

0.50 

1.82 

0.45 

2.60 

0.55 

1.87 

0. 46 

300 

2.  10 

0. 75 

1. 95 

0.68 

2. 79 

0.84 

2.00 

0. 70 

The  last  two  columns  are  ob- 

400 

2.28 

1.00 

2. 11 

0.90 

3.02 

1.11 

2.17 

0.92 

tained  by  multiplying  the  tw'O 

500 

2.38 

1.30 

2.22 

1. 17 

3.16 

1.44 

2.28 

1.20 

columns  under  the  luMid  of 

600 

2.49 

1.66 

2.  31 

1. 49 

3.  30 

1.83 

2.37 

1.53 

“Observed  velocity  reduce<l 

700 

2,55 

2.00 

2.  37 

1.80 

3.39 

2.21 

2.44 

1.85 

to  moan  maximum”  by  the  co¬ 

800 

2.61 

2.45 

2. 42 

2.20 

3.46 

2.70 

2. 49 

2.26 

efficient  1.03.  They  represent 

900 

2.67 

2.90 

2.48 

2.  61 

3.55 

3.21 

2.55 

2.68 

the  conditions  that  will  obtain 

1,000 

2.59 

3.26 

2.40 

2.93 

3.43 

3.60 

2. 47 

3.  01 

after  the  construction  of  a  pro¬ 

1,  lOO 

2.  57 

3.45 

2. 39 

3.11 

3.42 

3.83 

2. 46 

3.20 

posed  quay^ 

1,200 

2.43 

8.45 

2.25 

3. 11 

3.22 

1  3.83 

2.31 

3.20 

The  “accepted  tracing”  re¬ 

1,300 

2.25 

8.33 

2.09 

3.00 

2.99 

3.69 

2. 15 

3.09 

ferred  to  is  that  adopted  by  the 

1,400 

2.02 

3.12 

1.87 

2.81 

2.67 

3. 46 

1.92 

2.89 

commissioners  on  the  pier-lines 

1,500 

1.75 

2.80 

1.62 

2.52 

2.32 

3.10 

1.66 

2.59 

of  Brooklyn. 

1,600 

1.48 

2.50 

1. 37 

2.25 

1.96 

2. 77 

1. 41 

2.31 

1,700 

1.  05 

2.10 

0.97 

1.89 

1.39 

2.32 

0.09 

1.94 

1,800 

0.70 

1.60 

0.65 

1.44 

0.93 

1. 77 

0.66 

1.48 

1,900 

0.35 

0.98 

0.32 

0.88 

0. 46 

1.08 

0.33 

0.90 

1,990 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

John  B.  'WEiii,  Computer, 
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REPOKT  OF  THE  SUPERINTENDENT  OF 


APPENDIX  No.  12. 

Washington,  D.  C.,  January  14, 1876. 

Dear  Sir  :  I  submit  tlio  following  review  of  the  clianicteristics  of  the  South  Pass  as  about 
all  that  I  have  gleaned  thus  far  from  a  study  of  Mr.  Mariudiii’s  excellent  survey.  My  work  is, 
however,  by  no  means  tinishexl,  and  what  I  hav^e  to  say  now  is  confined  strictly  to  the  main  body 
of  the  stream,  exclusive  of  its  upper  and  lower  entrances. 

The  sheets  examined  extend  from  the  little  settlement  near  the  head  of  the  pass  to  the  light¬ 
house  near  the  mouth,  about  eight  juid  a  half  miles,  measured  along  the  course  of  the  stream.  In 
this  distance  the  pass  makes  two  long  bends  to  the  westward  of  its  general  course,  with  a  short 
reverse  curve  between  them.  I  divide  the  pass  into  two  portions,  one  embracing  the  space  above 
Grand  Bayou,  the  other  the  space  below  this  offset. 

The  upper  division  has  a  radius  of  curvature  of  about  four  and  a  quarter  miles,  and  extends 
through  an  arc  of  about  45^,  while  the  lower  division  has  a  radius  of  curvature  of  about  eight  and 
three-quarter  miles,  and  extends  through  an  arc  ot*  about  29^. 

The  mean  width  of  the  upper  division  (exclusive  of  the  enlargement  at  the  opening  of  Grand 
Bayou)  is  748  feet,  with  1,085  and  543  feet  as  the  extreme  limits.  The  lower  division  has  a  mean 
width  of  624  feet,  with  extremes  of  849  and  504  feet.  Throughout  both  the  upiier  and  lower  divis¬ 
ions  30  feet  of  water  may  be  carried  along  the  channelway,  while  in  one  case  the  mean  channel- 
depth  exceeds  45  feet,  and  in  the  other  is  35J  feet.  The  channel-depth  most  frequently  met  with  is, 
in  the  upper  (bvision  47  feet,  and  in  the  lower  division  37  feet. 

In  straight  reaches  the  profiles  of  the  cross-sections  are  pretty  well  represented  by  arcs  of  cir¬ 
cles,  and  the  areas  of  these  sections  do  not  differ  largely  from  segments  of  which  the  widths  from 
shore  to  shore  are  chords.  Mr.  Hilgard  has  suggested  that  a  semi-ellipse  from  the  ordinates  of 
which  a  constant  has  been  subtracted  will  better  conform  to  the  profile  in  most  cjises  where  the 
river  has  little  or  no  bend.  This  appears  to  be  so,  judging  from  the  boldness  of  the  banks  near  the 
w-ater-line. 

The  economical  section  woidd  of  course  be  a  semicircle,  coidd  the  material  forming  the  banks 
be  sustained.  As  it  is,  I  find  no  profile  of  section  more  than  36^  of  arc,  and  the  exceptional  steep¬ 
ness  of  the  bank  near  the  water-line,  to  which  I  have  above  referred,  seems  to  be  due  to  the  sus¬ 
taining  influence  of  vegetation. 

The  characteristic  profile  of  the  pass  in  either  division  has  its  gi*eatest  depression  nearer  one 
shore  (the  concave)  than  the  other,  and  because  of  the  steepness  of  the  banks  near  the  w  ater-line 
this  characteristic  profile  w  ill  not  conform  to  the  parabolic  curve  as  it  usually  does  where  a  stream 
meanders  through  yielding  material. 

I  hoi)e  to  find,  before  I  have  exhausted  my  own  resoiuces  in  this  study,  that  I  can  state  the 
position  of  the  maximum  ordinate  in  the  characteristic  section  as  a  function  of  the  imlius  of  curv¬ 
ature  of  the  river’s  course. 

The  narrowest  portion  of  the  river  is  found  midway  in  each  of  the  divisions  I  have  taken,  and 
is,  of  course,  the  straightest  reach.  Here  I  looked  for  my  economical  type,  as  Professor  Peirce  had 
suggested.  In  the  upper  division  the  narrow  reach  has  a  sectional  ratlins  of  896  feet,  with  a  chord 
(width  at  surface)  of  562  feet.  In  the  lower  division  the  narrow^  reach  has  a  radius  of  section  of 
830  feet,  a  chord  of  508  feet,  an  arc  of  35^  38J',  a  perimeter  of  516  feet,  a  versin.  of  39.8,  and  an 
area  of  section  (observed)  of  13,500  square  feet. 

One  may  admit  that  an  obstruction  may  not  only  widen  the  stream,  but  ultimately  enlarge  its 
sectional  area,  although  paradoxical.  If,  for  instance,  a  snag  should  induce  a  bank  to  form  in  the 
middle  of  our  economical  section,  an  enlargement  must  take  idai*c  not  only  to  the  original  dimen¬ 
sions,  but  to  such  greater  dimensions  as  may  counterbalance  the  friction  due  to  the  relatively 
lengthened  perimeter,  which  a  departiue  from  tlie  circular  arc  has  necessitated. 
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There  are  many  of  our  sections  which  increase  in  area  as  they  depart  from  the  circular  form, 
and  I  have  concluded  that  the  explanation  above  given  must  answer  for  their  behavior  very  often, 
although  at  great  bends,  where  the  stream  is  eating  in  upon  the  concave  bank,  we  may  expect  this 
enlargement  as  a  transient  condition  for  the  most  part. 

The  repeated  surveys  show  that  the  sections  change  fi'om  time  to  time,  but  these  surv  eys  do 
not  furnish  enough  data  to  establish  the  law  of  variation  in  the  relations  of  width  and  depth.  I 
suggest,  however,  the  follow  ing  rules,  which  may  cover  not  only  the  changes  of  a  single  section, 
but  those  observed  in  passing  from  section  to  section  where  the  course  of  the  stream  does  not  ma¬ 
terially  change. 

1.  The  area  of  the  section  varies  with  the  cube  root  of  the  width  (perimeter,  more  strictly). 

2.  The  square  root  of  the  mean  depth  varies  with  the  area  of  the  section. 

3.  For  the  minimum  width  heticeen  natural  banks  the  mean  depth  is  to  the  channel-depth  m  7 : 10. 

If  the  natural  banks  should  be  rephiced  by  fascine  mattings  or  a  revetment  of  quarry-chips 

say  for  one-(iuarter  of  the  pi-olile  extending  from  either  side,  the  coefficient  of  resistance  would  be 
largely  increased  and  an  augmentation  of  the  channel-depth  secured.  We  have  no  determinations 
of  this  coefficient  on  an  adequate  scale  to  be  trusted  in  this  case,  but,  from  the  Darcy-Bazin* 
exi>eriments  and  from  information  furnished  me  by  yourself  relative  to  the  retard  of  ships  in  dif¬ 
ferent  conditions  of  foul  bottom,  I  venture  to  say  that  the  channel-depths  (varying  with  the  s<]uares 
of  the  axial  velocities)  might  be  augmented  ten  per  cent,  by  the  introduction  of  fascine  revetments 
as  above  mentioned. 

1  shoidd  hav’e  said  in  its  place  that  the  rules  I  have  given  for  the  v  ariations  of  depth,  width, 
and  section  are  deduced  from  the  ordinary  formula  for  running  water,  regarding  discharge  and  slope 
as  constants. 

In  my  study  of  the  observed  sections,  I  do  not  depend  upon  a  single  cross-line  of  soundings  in 
any  case,  but  upon  groups  of  these  covering  long  reaches. 

I  confess  1  am  disappointed  so  far  in  my  efforts  to  reach  generalizations,  but  if  you  think  there 
is  anything  practically  useful  in  the  abov^e  or  anything  that  would  be  suggestive  of  better  things, 
I  would  like  to  have  copies  sent  to  Captain  Eads  and  General  Comstock,  who  may  give  us  further 
hints  in  return. 


Very  respectfully,  yours, 


C.  1\  Patterson, 

Superintendent  Coast  Survey. 


HENRY  MITCHELL, 

United  States  Coast  Survey. 


*  Recherclies  Expcriiiiftiitalcs  mir  L’Ecoiilenieiit  de  L’Ean  dans  k*s  Caiianx  deconverts. 
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REPORT  OF  THE  SUPERINTENDENT  OF 


APPENDIX  No.  13. 

ON  MARINE  GOVERNORS. 

October  25, 1875. 

My  Dear  Sir  :  In  response  to  your  request  for  a  discussion  on  tlie  subject  of  marine  ^jovem- 
ors,  which  will  be  of  service  in  determining  the  merits  of  devices  submitted  to  you  from  time  to 
time,  I  respectfully  present  the  following  paper: 

IVIARINE  GOVERNORS. 

In  order  to  discuss  this  subject  intelligently,  requires  at  the  outset  an  investigation  of  the 
manner  in  which  a  governor  should  act,  in  order  to  regulate  the  speed  of  a  marine  engine  to  the 
best  advantage ;  we  may  then  compare  the  different  types  of  governor,  on  the  basis  ascertained, 
and  a  place  may  be  readily  assigned  to  any  particular  apparatus  under  consideration. 

In  smooth  water,  the  resistance  to  the  propelling  device  is  substantially  uniform,  and  no  gov¬ 
ernor  is  needed ;  but  when  the  vessel  is  running  directly  or  obliquely  across  waves  of  considerable 
height,  the  propeller  is  uncovered  to  a  greater  or  less  extent  by  the  motion  of  the  vessel  or  water, 
or  both,  and  the  resistance  offered  by  the  fluid  fulcrum,  being  constantly  modified,  causes  the  sud¬ 
den  changes  in  the  speed  of  the  engine,  known  as  racing,  with  the  attendant  jars  to  vessel  and 
machinery.  The  difficulty  may  be  often  met  in  government  and  other  steamers,  where  time  is  no 
object,  by  running  the  engines  very  slowly,  so  that  the  speed,  when  quickened,  will  not  be  suflSi- 
cient  to  cause  injury.  By  this  method  of  working,  most  vessels  could  dispense  with  the  use  of  a 
governor,  and  on  any  vessel  the  kind  of  governor  employed  would  be  of  little  consequence ;  with 
merchant-steamers,  however,  it  is  desirable,  and  in  making  port,  or  an  offing,  sometimes  necessary, 
to  urge  the  engine  to  the  highest  speed  consistent  with  safety.  As  it  is  only  under  such  circum¬ 
stances  that  a  governor  is  truly  tested,  the  discussion  will  be  based  on  such  conditions.  The  prob¬ 
lem  resolves  itself  then  into  obtaining  as  much  si)eed  as  possible  under  adverse  circumstances. 
Whatever  that  speed  may  be,  it  will  be  nearly  uniform,  from  one  moment  to  another,  the  mass  of 
matter  in  the  vessel  tending  to  steady  the  motion  from  sea  to  sea;  therefore  the  propeller,  which 
imparts  the  motion,  should  be  revolved  uniformly  or  substantially  so.  This  consideration  alone 
shows  the  defects  of  any  system  whereby  steam  is  shut  off  suddenly,  either  by  hand  or  governing 
devices,  when  racing  commences,  or  the  position  of  vessel  changes,  so  as  to  make  racing  iirobable. 
A  spasmodic  regulation  of  this  kind  cannot  keep  the  speed  of  the  propeller  uniform,  and  the 
immersed  portion  of  blades  must  actually  drag  at  times,  and  resist  the  progress  of  the  vessel.  It 
follows  then  that  the  pressure  on  the  engine-piston  must  be  modified  at  all  times  gradually  to  suit 
tlie  resistance,  so  that  the  rotary  and  progressive  motions  will  be  substantially  uniform,  and  the 
immersed  portions  of  blades  never  drag,  but  propel  at  all  times.  It  only  remains  to  ascertain  what 
means  shall  be  employed  in  the  construction  of  the  governor  to  cause  the  pressure  on  engine-piston 
to  be  varied  with  the  change  of  resistance,  and  thus  i)roduce  a  uniform  speed  of  propulsion.  Evi¬ 
dently,  we  may  employ  the  well-known  way,  and  utilize  the  first  changes  of  speed  caused  by  the 
changes  of  resistance  to  regulate  the  throttle- valve  to  suit  the  resistance. 

It  has,  however,  been  the  endeavor  of  many  inventors  to  (as  it  has  been  expressed)  anticipate 
the  change  of  speed  by  operating  the  throttle- valve  by  mechanism  governed  by  the  pitching  of  the 
vessel,  or  by  the  height  of  the  water  in  relation  to  the  i)ropeller.  It  is  evident  that  no  device  can 
anticipate  the  change  in  resistance,  and  yet  regulate  in  proportion  to  sudi  change.  The  governor 
must  either  shut  off'  steam  for  a  (iomparatively  small  movement  of  the  vessel  when  the  propeller 
will  drag  in  many  cases,  or  the  closing  of  the  throttle  must  be  proportionate  to  the  change  in  the 
resistance,  in  which  case  the  change  will  be  felt  Jis  quickly  as  by  any  other  device,  and  the  governor 
can  at  the  best  only  act  coincident! if  with  the  changevs  of  resistance  and  not  anticipate  them.  It  is. 
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however,  by  no  means  easy  to  arrange  a  mechanism  operated  by  the  degree  of  submersion  of  the 
propeller  so  that  it  will  be  influenced  by  all  the  changes  of  condition  and  thereby  regidate  the 
throttle-valve  to  perfectly  prevent  changes  of  speed. 

In  the  first  place,  the  degree  of  submersion  is  not  a  perfect  index  of  the  degree  of  resistance. 
It  is  considere<l  as  established  that  in  wave  motion  each  particle  of  water  moves  in  a  circle  with  a 
diameter  equal  to  tlie  depth  of  the  wave,  so  the  intensity  of  the  reaction  must  be  varied  by  the 
various  changes  in  the  velocity  of  the  particles  of  water  as  they  regularly  advance  and  recede,  as 
well  as  rise  and  fall.  Again,  in  some  cases  the  crest  of  a  w  ave  may  completely  envelop  the  pro¬ 
peller,  and  yet  the  mass  of  water  directly  behind  the  latter  not  be  sufticient  to  give  the  maximum 
resistance.  Any  governor,  then,  which  depends  simply  upon  the  degree  that  the  vessel  pitches,  or 
even  upon  the  degree  of  submersion  of  propeller,  is  not  influenced  by  all  the  conditions.  What  is 
wanted  is  the  actual  pressure  of  water  against  the  propeller-blmles.  It  is  not  certain  that  any 
device  for  measuring  the  pressure,  located  where  it  must  needs  be,  forward  of  the  propeller,  will 
accurately  indicate  the  pressure  behind  the  blades.  Again,  to  secure  uniformity  of  speed  would 
require  that  some  steam  be  admitted,  even  if  the  propeller  were  entuely  uncovered,  leaving  only 
fnctional  resistances  to  be  overcome.  So  the  degree  of  throttle-openhig  should  not  be  accurately 
proportioned  to  the  height  of  the  w  ater.  This  is  true  for  another  important  reason  also,  viz,  that 
the  more  the  steam  is  throttled  the  more  difference  in  pressure  there  would  be  on  the  two  sides  of 
the  throttle-valves,  and  the  more  rapidly  would  a  given  quantity  of  steam  flow  through  a  given 
ox>ening. 

It  is  thought,  therefore,  that  it  would  be  very  difficult  to  make  this  form  of  governor  regulate 
the  speetl  with  great  exactitude 5  but  inasmuch  as  it  is  influenced  by  the  principal  one  of  the  changes 
of  condition,  viz,  the  pressure  of  water  at  the  stern,  it  should  operate  to  prevent  any  severe  racing. 
The  pneumatic  governor  on  this  principle  is  now  pretty  well  known,  and  is  said  to  give  good  satis¬ 
faction.  In  this  arrangement  the  water  under  the  ship’s  stern  compresses  air  in  a  chamber  of  w^hich 
the  changes  in  pressme  are  transmitted  through  a  pipe  to  another  chamber  containing  a  diaphragm, 
which  operates  the  throttle-valve.  This  plan  graduates  the  movement  6f  valve  to  the  fluid-pressure 
at  the  stern.  It  is  therefore  far  superior  to  hand-regulation  or  any  device  which  simply  shuts  off 
steam.  When  the  fluid  falls  below  a  certain  point,  or  the  plane  of  the  vessel’s  deck  is  changed  in 
relation  to  tlie  horizon,  as  in  such  cases  to  prevent  racing,  the  throttle  must  be  closed  when  the 
propeller  is  only  partially  uncovered,  and  therefore  capable  of  doing  some  work,  and  a  loss  of  speed 
will  result — first,  by  not  permitting  the  engine  to  do  all  it  can  with  safety,  and,  second,  by  the  drag 
of  the  propeller  when  the  speed  of  same  falls  below  that  of  the  vessel. 

A  governor  operated  directly  by  the  pitching  of  the  vessel,  either  directly  by  a  heavy  pendu¬ 
lum,  as  has  been  proposed,  or  indiiectly  by  more  intricate  devices,  has  still  another  defect,  for  a 
vessel  may  lie  horizontally  on  the  crest  of  a  long  wave  w  ith  the  propeller  but  partially  submerged, 
when,  the  throttle-valve  being  open,  the  engine  w  ould  race ;  while  the  next  moment,  as  the  bow 
dipped,  the  governor  would  shut  off  steam  and  slow  the  propeller  just  as  it  became  submerged, 
and  thereby  stay  the  vessel’s  progress.  The  pendulum  plan  would  have  the  advantage  of  one  for 
instantly  shutting  the  valve  when  a  certain  angle  of  pitch  was  obtained,  as  it  would  graduate  the 
speed  in  some  measure  to  the  degree  of  pitch,  w  Idle  the  arrangement  for  suddenly  shutting  valve 
could  not  be  regulated  to  entirely  prevent  racing  without  reducing  the  mean  speed  of  the  vessel  to 
such  an  extent  that  it  would  be  questionable  if  it  were  not  as  w  ell  to  obtain  the  same  speed  by  per¬ 
mitting  the  engine  to  run  throttle  dow  n  without  using  the  governor. 

Recurring  to  the  original  proposition  that  the  speed  of  engine  should  be  practically  uniform, 
which  reqiures  that  the  supply  of  steam  be  regulated  to  correspond  to  the  resistance  offered  to  the 
propeller,  it  may  again  be  observed  that  such  resistance  can  be  measured  by  no  instrument  as  ac¬ 
curately  as  by  the  propeller  itself.  Ordinarily,  the  pressure  on  the  piston  is  equilibrated  by  the 
sum  of  the  resistances  forming  the  load  and  the  speed  becomes  uidform ;  then  the  slightest  change 
of  load,  by  the  operation  of  well-known  laws,  instantly  produces  a  change  of  speed  which  will 
cause  a  good  centrifugal  governor  to  regulate  the  throttle-valve  so  as  to  prevent  extreme  changes 
and  bring  the  engine  back  to  the  normal  speed.  A  governor  operating  by  change  of  speed  attains 
the  desired  end  with  almost  absolute  ijerfection,  as  advantiige  is  taken  of  every  condition  causing 
S.  Ex.  37 - 25 
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variation,  which,  it  appears,  is  practically  impossible  with  other  systems.  It  is  tnie  that  ehan^jes 
of  speed  are  employed  to  i>roduce  a  substantially  uniform  speed,  but  there  is  no  inconsistency  in 
this,  as  interested  inventors  would  make  it  appear.  It  is  the  way  of  the  world.  All  direct  pur¬ 
poses  and  undertakings  are  accomplished  by  making  adjustments  to  suit  certain  indications.  The 
steersman  shifts  his  rudder  Avhen  the  vessel  begins  to  fall  off  her  course,  and  the  best  wake  is  not 
absolutely  straight.  A  good  steersman  keeps  a  practically  straight  wake  by  cpiickly  making  ade¬ 
quate  correction  when  the  vessel  changes  her  course,  and  a  good  governor,  in  like  manner,  quickly 
corrects  a  change  in  speed.  It  is  suri)rising  how  slight  a  change  Avill  practically  answer  to  accom- 
l)lish  the  purpose.  Successful  regulation  of  engines  used  for  manufa(*turing  puri)oses  has  been 
obtained,  where,  for  instance,  an  increase  of  a  single  revolution  in  speed  of  engine  would  throw  the 
shuttles  out  of  the  loom,  or  do  some  other  damage. 

Engines  developing  twenty  horse  power  nnay  be  suddenly  loaded  to  two  hundred  horse  power 
with  no  change  of  speed  which  can  be  detected  by  the  eye  by  watching  revolving  ])art8.  Marine 
governors  can  be  made  upon  the  same  principles,  and  need  only  close  attention  to  the  details  adapt¬ 
ing  them  for  the  new  service  to  operate  ex«actly  as  well. 

A  brief  attention  to  the  points  necessary  to  cause  a  governor  to  operate  in  the  way  mentioned 
will  be  interesting  in  this  connection.  The  simple  form  of  the  conical  pendulum  governor,  ui  whicli 
centrifugal  force  simply  lifts  the  expanding  balls,  is  not  generally  used  at  present,  as  such  a  gov¬ 
ernor  requires  to  be  large  and  heavy  to  obtain  the  i)roper  suridus  of  i>ower.  Modern  governors 
are  generally  run  at  high  speeds,  whereby  considerable  power  is  obtained  with  light-moving  parts. 
The  centrifugal  force  vtiries  as  the  scpiare  of  the  angular  velocity,  so  if  the  governor  be  so  arimiged 
that  the  separation  of  the  balls  is  employed  to  lift  a  dead  weight,  or  overcome  the  corresponding 
resistance  of  a  spring,  a  higher  speed  than  that  for  an  ordinary  conical  pendulum  will  be  requircjd 
and  the  apparatus  have  power  to  move  the  governor  valve  with  a  slight  change  of  speed.  If  it 
were  necessary  in  a  given  ca^se  that  the  maximum  variation  of  speed  be  less  than  5  per  cent.,  and 
the  valve  recpiired  a  force  of  1  pound  to  move  it,  the  safest  plan  to  secure  perfect  regulation 
would  be  to  load  the  govenmr,  so  that  at  normal  speed  it  would  support  a  weight  of  30  pounds,  in 
which  case  an  increase  of  speed  of  5  per  cent,  would  increase  the  lifting  power  lOJ  per  cent,  and 
leave  upward  of  3  pounds  surplus  to  move  the  valve,  which  evidently  would  be  sufficient  to  shut 
it  instantly,  probably  before  the  engine  had  completed  a  single  revolution.  Ordinarily,  however 
common,  the  change  in  speed  would  be  gradual,  and  as  soon  as  it  became  sufficient  to  cause  the 
difference  in  centrifugal  force  of  1  pound  the  valve  would  begin  to  close  or  open  gradually,  and 
the  speed  be  regulated  much  within  the  extreme  limits  of  5  i)cr  cent.  The  extreme  variation  would 
only  take  place  when  the  load  was  changed  suddenly,  and  then  would  be  corrected  at  once.  A 
screw  or  turbine-wheel  operating  upon  a  fluid  with  the  reaction  lifting  a  weight  or  compressing  a 
spring,  is  another  form  of  governor  which  will  accomplish  the  same  results,  and  maj"  more  remlily 
be  made  isochronous,  or  have  exactly  the  same  rate  of  speed  for  all  practical  loads  and  positions 
of  the  throttle- valve.  The  conical  i)endulum  changes  the  rate  of  speed  for  diflerent  positions  of 
the  [balls,  and  though  this  variation  is  less  in  more  modern  high-speed  varieties,  some  complica- 
ttons  are  required  to  entirely  preserve  it.  The  difterences  in  rates  of  speed  for  diflerent  loads  are 
too  slight,  however,  to  be  considered  in  a  marine  governor,  and  either  form  of  revolving  governor 
may  remlily  be  made  to  maintain  the  average  speed  within  the  limits  mentioned.  A  good  high¬ 
speed  governor  is  so  sensitive  that  on  a  single  engine  it  will  oiien  the  valve  a  little  every  time  the 
engine  passes  her  center,  and  close  it  again  during  the  stroke,  thus  forming  a  kind  of  cut-off. 

For  m.anne  governors  it  is  necessary  that  the  resistance  in  all  cases  be  furnished  by  springs, 
as  the  vertical  action  of  weights  is  disturbed  by  the  motions  of  a  vessel.  To  obviate  this,  it 
has  been  proposed  to  hang  an  ordinary  centrifugal  governor  in  gimbals  like  a  compass;  but  this  i^ 
unnecessary,  as  the  si)ring  resistance  is  entirely  practical  and  much  simpler.  There  is  another  form 
of  revolving  governor,  in  which  a  shaft  revoh  ed  by  the  engine  sui)i»orts  a  heavy  fly-wheel  free  to 
turn  thereon.  The  fly-wheel  carries  fans  to  create  resistance  from  the  air  and  receives  motion  from 
its  shaft  through  a  spring.  Included  plans  or  e(iuivalents  are  provided  to  transmit  the  turning  or 
angular  movement  of  the  wheel  in  relation  to  the  shaft  to  the  governor-valve.  In  the  normal  con¬ 
dition,  the  spring* is  compressed  to  correspond  to  the  resistance  of  the  vanes,  and  the  throttle -valve 
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is  oi)en.  When  the  engine  races  the  spring  is  suddenly  wound  up  to  a  greater  extent  and  the  angu¬ 
lar  movement  of  shaft  in  wheel  shuts  the  throttle- valve,  but  as  soon  as  the  speed  falls  below  that 
of  the  fly-wheel  the  valve  is  opened.  This  is  a  heavy  apparatus,  but  with  sufifieient  surplus  power 
will  prevent  racing. 

In  another  governor,  a  small  engine  is  kept  running  at  a  constant  speed,  and  a  pulley  on  the 
shaft  of  same  is  operated  by  main  engine.  The  small  engine  acts  the  fly-wheel,  in  the  previous 
example,  and  the  governor-valve  is  operated  in  a  similar  manner,  when  any  difference  occurs 
between  speeds  of  main-engine  pulley  and  that  of  small  engine.  This  seems  like  a  simple,  efficient 
arrangement,  but  in  practice  it  has  been  found  especially  liable  to  corrosion,  so  that  the  small  engine 
works  unsteadily  when  started  after  a  long  period  of  disuse.  Any  revolving  governor  necessitates 
the  use  of  an  operating  belt  or  equivalent,  which  is  inconvenient,  and  is  avoided  in  governors 
operated  by  the  pitching  of  the  vessel  or  the  pressure  of  the  water  astern ;  but  a  belt  is  so  well  know  n 
by  all  mechanics,  that  it  should  not  be  omitted  for  a  less  familiar  arrangement  if  the  latter  be  at  all 
hable  to  derangement.  An  incredible  amount  of  thought  and  labor  has  been  expended  on  the  sub¬ 
ject  of  marine  governors,  even  by  persons  not  at  all  flimiliar  with  the  details  of  steam-machinery. 

It  would  seem  to  be  not  uncommon  for  persons  to  occupy  themselves  dming  a  sea- voyage  in 
designing  something  to  prevent  the  racing,  which  has  perhaps  so  affected  their  rest  and  comfort, 
and  often  each  will  endeavor  to  bring  in  some  features  with  which  he  is  so  especially  familiar.  For 
instance,  it  has  been  i)roposed  to  use  the  regular  movement  of  a  clock  to  produce  regularity  in  the 
movements  of  the  engine ;  and  one  person,  without  apparently  being  aw'are  that  Watts’s  governor 
w’as  but  a  form  of  the  pendulum,  which  could  be  readily  modifled  to  adapt  it  for  marine  purposes, 
actually  pressed  into  notice,  w  ith  great  zeal,  an  enlarged  marine-clock  movement,  adapted  as  a  gov¬ 
ernor  in  the  following  manner:  A  strong  escapement- wheel  was  given  a  tendency  to  revolve  rapidly 
by  a  friction  arrangement  operated  by  the  engine.  The  speed  of  escapement- wheel  was  regulated 
by  the  usual  pallets,  lever,  balance-wheel,  and  retracting  spring,  of  proper  size.  By  a  kind  of  differ¬ 
ential  arrangement  the  motion  of  escapement-wheel  was  transferred  to  and  opened  the  throttle-valve 
partially  at  every  beat,  while  a  connection  with  engine  closed  the  valve  somewhat  at  every  stroke. 
At  normal  speed,  the  opposing  motions  neutralized  each  other ;  at  higher  speed,  the  movement  from 
engine  predominated  and  closed  the  valve;  while  at  slower  speed  the  escapement-movement  was  the 
moi*e  rai)id  and  opened  the  valve.  During  the  trial  of  the  apparatus  on  a  land-engine  the  noise  from 
the  escapement  could  be  heard  a  long  distance,  and  the  parts  of  same  suftered  rapid  destruction. 

It  has  also  been  proposed  to  use  the  motion  of  the  shij),  or  of  the  weaves  in  relation  thereto,  to 
close  an  electric  circuit  by  which,  through  an  electro  magnet,  a  small  valve  would  be  so  operated 
and  admit  steam  to  a  piston  which  would  move  the  throttle- valve.  This  form  of  governor  w  ould 
necessarily  act  to  quickly  close  or  open  the  throttle- valve  instead  of  graduating  the  movement  to 
the  change  of  resistance,  as  in  the  air  and  pendulum  governors  above  described,  which  derive  their 
action  from  similar  initial  changes  of  condition. 

In  conclusion,  it  appears  from  our  investigations  that  the  best  governors  for  marine  engines  are 
those  operated  by  changes  of  speed,  as  such  are  accurately  influenced  by  all  the  changes  of  condi¬ 
tion.  Of  these,  the  conical  pendulum  form,  or  that  in  which  a  fluid  is  displaced  by  a  screw  or  tur¬ 
bine,  w’ill,  when  resistance  for  same  is  furnished  by  springs  of  sufficient  strength  to  necessitate  high 
speetl,  give  the  most  satisfactory  results.  A  marine  governor,  in  which  the  opening  of  valve  is 
gi-aduated  by  the  pressure  of  water  at  the  stern,  may  be.considered  next  best,  and,  well  designed, 
vnW  give  good  practical  results.  Governors  acting  by  the  pitching  of  the  vessel  are  undesirable,  not 
l)eing  influenced  by  all  the  conditions.  Of  this  class  of  governor  the  pendulum  form,  which  gradu¬ 
ates  the  movement  of  valve  according  to  the  degree  of  pitching  movement,  is  the  better.  In  gene¬ 
ral,  any  governor  which  opens  and  closes  throttle-valve  to  the  full  extreme  permitted  without 
graduating  the  movement  to  the  resistance,  is  undesirable. 

In  determining  the  merits  of  a  governor  of  either  class  practical  considerations  should  have 
great  weight,  and  as  a  marine  governor  is,  in  imniy  places,  not  us(hI  for  months,  and,  by  chance,  even 
yeai-s,  and  is  all  the  time  liable  to  corrosion  from  the  effects  of  the  sea  air,  any  arrangement  whi<*h 
will  best  keep  in  order  under  such  conditions  is,  other  things  being  equal,  the  best  for  i)ractical  use. 
A  governor,  then,  in  which  the  principal  parts  are  inclosed  in  a  case  and  riin  in  oil,  has  certainly 
many  advantages. 
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The  space  occupied,  simplicity  of  construction,  and  accessibility  of  parts,  are  all  points  to  be 
given  due  consideration.  Any  delicate  apparatus  requiring  technical  attention  is  undesirable,  as 
there  is  always  a  great  deal  to  be  attended  to  when  the  use  of  a  marine  governor  is  necessary,  and 
no  devices  should  be  employed  which  would  not  be  thoroughly  understood  by  members  of  the  engi¬ 
neer  force  competent  to  manage  the  machinery  during  tlie  disability  of  the  officer  in  charge. 

It  may  properly  be  mentioned  in  this  connection  that  no  governor  can  regulate  speed  correctly 
when  the  steam-chest  is  ver>^  large,  or,  in  general,  when  there  is  a  very  considerable  space  between 
the  throttle  and  main  valves,  as  the  steam  contained  in  such  place  will  keep  the  engine  in  motion 
after  throttle-valve  is  shut  and  must  be  supplied  again  when  throttle-valve  is  opened,  thereby  pre¬ 
venting  the  increased  pressure  from  promptly  reaching  the  piston.  On  land-engines,  the  action  is 
best  prevented  by  c.ausing  the  governor  to  regulate  the  cut-off  direct ;  but  it  is  unnecessary  to  use 
such  a  comi)lex  apparatus  on  shipboard,  as  a  less  accurate  regulation  will  answer.  The  intermediate 
receivers  of  compound  engines  have  also  been  mentioned  as  causing  difficulties  in  regulation ;  but  of 
late  it  has  been  found  that  a  quick-acting  govenior,  of  ample  power  to  move  valve  for  slight  changes 
of  speed,  will  control  either  single  or  comimund  engines  within  limits  desired,  unless  the  spaces  are 
unusually  large. 

Very  respectfully. 


CHARLES  E.  EMERY, 
Comulting  Engineer ^  United  SteLten  Coast  Survey. 


C.  P.  Patterson, 

Superintendent  United  States  Coast  Survey. 
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NOTE  ON  THE  THEORY  OF  THE  ECONOMY  OF  RESEARCH,  BY  ASSISTANT  C.  S.  TEIRCE. 


When  a  research  is  of  a  quantitative  nature,  the  progress  of  it  is  marked  by  the  diminution  of 
the  probable  error.  The  results  of  non-quantitative  researches  also  have  an  inexactitude  or  inde¬ 
terminacy  which  is  analogous  to  the  probable  error  of  quantitative  determinations.  To  this  inex¬ 
actitude,  although  it  be  not  numerically  expressed,  the  term  ‘‘probable  error may  be  conveniently 
extended. 

The  doctrine  of  economy,  in  general,  treats  of  the  relations  between  utility  and  cost.  That 
branch  of  it  which  relates  to  research  considers  the  relations  between  the  utility  and  the  cost  of 
diminishing  the  probable  error  of  our  knowledge.  Its  main  problem  is,  how,  with  a  given  expend¬ 
iture  of  money,  time,  and  energy,  to  obtain  the  most  valuable  addition  to  our  knowledge. 


Let  r  denote  the  probable  error  of  any  result,  and  write  ^  Det  Ur .  dr  denote  the  infini¬ 
tesimal  utility  of  any  infinitesimal  diminution,  (?r,  of  r.  Let  .  d«  denote  the  infinitesimal  cost  of 
any  infinitesimal  increase,  d«,  of  s.  The  letters  U  and  V  are  here  used  as  functiontd  symbols.  Let 
subscript  letters  be  attached  to  r,  «,  U,  and  V,  to  distinguish  the  different  problems  into  which 
investigations  are  made.  Then,  the  total  cost  of  any  series  of  researches  will  be 


and  their  total  utility  will  be 


f  ^  i  j 

2,/U,r,.dr,. 


The  problem  will  be  to  make  the  second  expression  a  maximum  by  varying  the  inferior  limits  of  its 
integrations,  on  the  condition  that  the  first  expression  remains  of  constant  value. 

The  functions  U  and  V  will  be  different  for  different  researches.  Let  us  consider  their  general 
and  usual  properties.  And,  first,  as  to  the  relation  between  the  exactitude  of  knowledge  and  its 
utility.  The  utility  of  knowlexlge  consists  in  its  capability  of  being  combined  with  other  knowledge 
so  as  to  enable  us  to  calculate  how  we  should  act.  If  the  knowledge  is  uncertain,  we  are  obliged 
to  do  more  than  is  really  necessary,  in  order  to  cover  this  uncertainty.  And,  thus,  the  utility  of 
any  increase  of  knowledge  is  measiu*ed  by  the  amount  of  wasted  effort  it  saves  us,  multiplied  by 
the  siiecific  cost  of  that  species  of  effort.  Now,  we  know,  from  the  theory  of  errors,  that  the 
uncertainty  in  the  calculated  amount  of  effort  necessary  to  be  put  forth  may  be  represented  by  an 
expression  of  the  form 


where  a  and  e  are  constants.  And,  therefore,  the  differential  coefficient  of  this,  multiplied  by  the 

h 

specific  cost  of  the  effort  in  question,  say  ^  ,  gives 

C  • 


Ur  =  A 


r 


When  a  is  very  small  compared  with  r  this  becomes  nearly  constant,  and  in  the  reverse  case  it  is 
nearly  proportional  to  r.  An  analogous  proposition  must  hold  for  non-quantitative  research. 

Let  us  next  consider  the  relation  between  the  exactitude  of  a  result  and  the  cost  of  attaining 
it.  When  we  increase  our  exactitude  by  multiplying  observations,  the  different  observations  being 
indei»eudent  of  one  another  as  to  their  cost,  we  know  from  the  theory  of  errors  that  /  V« .  is  pro¬ 
portional  to  and  that  consequently  Y 8  is  proportional  to  s.  If  the  costs  of  the  different  obser¬ 
vations  are  not  independent  (which  usually  happens),  the  cost  will  not  increase  so  fast  relatively  to. 
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the  accuracy ;  but  if  the  eiTora  of  the  observations  are  not  independent  (which  also  usually  hap¬ 
pens),  the  cost  will  increase  faster  relatively  to  the  accuracy ;  and  these  two  i»erturbing  influences 
may  be  supposed,  in  the  long  run,  to  balance  one  another.  We  may,  therefore,  take  Ys  =  where 
.k  represents  the  specitic  cost  of  the  investigation. 

We  thus  see  that  when  an  investigation  is  commenced,  after  the  initial  expenses  are  once  paid, 
at  little  cost  we  iini)rove  our  knowledge,  and  improvement  then  is  especially  valuable  ;  but  as  the 
investigation  goes  on,  additions  to  our  knowledge  cost  more  and  more,  and,  at  the  same  time,  are 
of  less  and  less  worth.  Thus,  when  chemistry  sprang  into  being.  Dr.  Wollaston,  w  ith  a  few  test 
tubes  and  phials  on  a  tea-tray,  was  able  to  make  new  discoveries  of  the  greatest  moment.  In  our 
day,  a  thousand  chemists,  with  the  most  elaborate  appliances,  are  not  able  to  reach  results  which 
are  comparable  in  interest  with  those  early  ones.  All  the  sciences  exhibit  the  same  idienomenon, 
and  so  does  the  course  of  life.  At  first  we  learn  very  easil}.,  and  the  interest  of  experience  is  very 
great ;  but  it  becomes  harder  and  harder,  and  less  and  less  worth  while,  until  we  are  glad  to  sleep 
in  death. 

Let  us  now  apply  the  expressions  obtained  for  Ur  and  Ys  to  the  economic  problem  of  research. 
The  question  is,  ha\ing  certain  means  at  our  disposal,  to  which  of  two  studies  they  should  be 
applied.  The  general  answer  is  that  we  should  study  that  problem  for  which  the  economic  urgency, 
or  the  ratio  of  the  utility  to  the  cost 

Ur.  dr  ^ 

Ys  .  d.s*  “  ^  Ys  *“  k  y/a  + 


is  a  maximum.  MTien  the  investigation  has  been  carried  to  a  certain  point  this  fraction  will  be 
reduced  to  the  same  value  which  it  has  for  another  research,  and  the  two  must  then  be  carried  on 
together,  imtil  finally,  we  shall  be  carrying  on,  at  once,  researches  into  a  great  number  of  questions, 
with  such  relative  energies  as  to  keep  the  urgency-fraction  of  equal  values  for  all  of  them.  When 
new  and  promising  ])robleins  arise  they  should  receive  our  attention  to  the  exclusion  of  the  old  ones, 
until  their  urgency  becomes  no  greater  than  that  of  others.  It  will  be  rennuked  that  our  ignorancp 
of  a  question  is  a  consideration  which  has  between  three  and  four  times  the  economic  importance  of 
either  the  specific  value  of  the  solution  or  the  specific  cost  of  the  investigation  in  deciding  upon  its 
ui’gency. 

In  order  to  solve  an  economical  problem,  we  may  use  as  variables 

X  =/Ys  .  d«, 

or  the  total  cost  of  an  inquiry,  and 

Ur .  dr 
y  -  Vs  .  d«  ’ 

or  the  economic  iu*gency.  Then,  C  being  ^he  total  amount  we  have  to  spend  in  certain  i*esearches, 
our  equations  will  be 

C  =  j?i  •^’2  “1"  •^3  “1" 

Vi  =  2/2  =  2/3  =  etc. 


Then,  expressing  each  y  in  terms  of  .r,  we  shall  have  as  many  equations  as  unknown  quantities. 

When  we  have  to  choose  between  two  researches  only,  the  solution  may  be  represented  giaphi- 
cally,  as  follows : 
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From  any  point  Oi  taken  as  an  origin,  draw  the  axis  of  abscissas  0|  Xi,  along  which  j*,,  the 
total  cost  of  the  first  investigation,  is  to  be  measured.  Draw  also  the  axis  of  ordinates  Oi  Y,,  along 
which  yi,  the  eeonomic  urgency  of  the  first  investigation,  is  to  be  measured.  Draw  the  curve  Sj  Ti 
to  repi'esent  the  relations  of  and  yx.  Take,  on  the  axis  Oi  Xi,  a  point  such  that  Oi  O2  shall 
measure  the  total  cost  of  the  two  investigations.  Let  the  total  cost  of  the  second  investigation, 
be  measured  on  the  same  axis  as  j*!,  but  in  the  opposite  direction.  From  O2  draw  the  axis  of  ordi¬ 
nates  O2  Y2  parallel  to  Oi  Yj,  and  measure  2/2?  the  economic  urgency  of  the  second  investigation,  along 
this  axis.  Draw  the  cim^e  S2  T2  to  rei)resent  the  relations  of  .r2  and  ^2-  Tlien,  the  two  curves  Si  Ti 
and  S2  T2  w'ill  generally  cut  one  another  at  one  i)oint,  and  only  one,  between  the  axes  O,  Y,  and  O2  Yj. 
From  this  point,  say  P,  draw  the  ordinate  P  Q,  and  the  abscissas  Oi  Q  and  O2  Q  will  measiu*e  the 
amounts  whicli  ought  to  be  exi)ended  on  the  two  inquiries. 

According  to  the  usual  values  of  U  and  V,  we  shall  have 

__1  lih 

^■“4  xy/ax^  +  ^kx  ’ 


In  this  case,  when  there  are  two  inquiries,  the  equation  to  determine  Xx  will  be  a  biquadratic. 
Two  of  its  roots  will  be  imaginary,  one  will  give  a  negative  value  of  either  x^^  or  and  the  fourth, 
which  is  the  significant  one,  will  give  positive  values  of  both. 

I^et  us  now  consider  the  economic  relations  of  difterent  researches  to  one  another.  1st,  as 
alternative  methods  of  reaching  the  same  result,  and  2d,  as  contributing  different  premises  to  the 
same  argument. 

Suppose  we  liave  two  different  methods  of  determining  the  same  quantity.  Each  of  these 
methods  is  supposed  to  have  an  accidental  probable  error  and  a  constant  probable  error,  so  that  the 
probable  errors,  as  derived  from  n  observations  in  the  two  ways,  are: 

+  d  and  = 


The  probable  error  of  their  weighted  mean  is 

1 


if  their  constant  probable  errors  are  known.  The  sole  utility  of  any  observation  of  either  is  to 
reduce  the  error  of  the  weighted  mean  5  hence, 

Uri  =  D,.(r-2+r2-2)-^  = 

And  as  the  cost  is  proi>ortional  to  the  number  of  observations 


_ 2  ^  _ _  ^'1 _ _ 2  k\  Vx^ 


Hence,  the  urgency  is  (omitting  a  factor  common  to  the  values  for  the  two  methods) 


Cl 

And,  as  the  urgency  of  the  two  methods  ought  to  be  the  same  at  the  conclusion  of  the  work,  we 
should  have 

- /K  T  _L  II. 


yfh  .  />i(l  +  •  r^(}  +  , 


which  equation  serves  to  determine  the  relative  values  of  and  n  .  We  again  perceive  that  the 
cost  is  the  smallest  consideration.  The  method  which  has  the  smallest  accidental  probable  error  is 
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tlie  one  wliicli  is  to  be  oftenest  used  in  case  only  a  small  number  of  observations  are  made ;  but  if 
a  large  number  are  taken  the  method  with  the  larger  aeeidental  probable  error  is  to  be  oftenest  uswl, 
unless  it  has  so  much  greater  a  probable  constant  error  as  to  countervail  this  consideration.  If  one 

of  the  two  methods  has  only  ^  th  the  accidental  probable  error  of  the  other,  but  costs  times  as 

much,  the  rule  should  be  to  make  the  total  cost  of  the  two  methods  inversely  proportional  to  the 
squares  of  their  constant  errors. 

Let  us  now  consider  the  case  in  which  two  quantities  Xx  and  are  observed,  the  knowledge  of 
which  serves  only  to  determine  a  certain  function  of  them,  y.  In  this  case  the  probable  error  of  y  is 

i/D*,y.ri*  +  D*,y.r2*, 

and  we  shall  have 

Uri  =  2ri 

V«i  will  have  the  same  value  as  before  5  but  neglecting  now  the  constant  error,  we  may  write 

Ysi  =  2A*i  px 

Then  the  urgency  (\\ith  omission  of  the  common  factor)  Is 

/>i*  dy 
kx  n?  ’  (Lti  ’ 

and,  as  the  two  urgencies  must  be  equal,  we  have 

«|  _  p\  ,h  /(l£i 

m-2  f>t  ■ 

dX2 

The  following  is  an  example  of  the  practical  application  of  the  theory  of  economy  in  research : 
Given  a  certain  amount  of  time,  which  is  to  be  expended  in  swinging 'a  reversible  pendulum,  how 
much  should  be  devoted  to  experiments  with  the  heavy  end  up,  and  how  much  to  those  with  the- 
heavy  end  down  I 

Let  Trf  be  the  period  of  oscillation  with  heavy  end  down,  T„  the  same  with  heavy  end  up.  Let 
hj  and  be  the  distances  of  the  center  of  mass  from  the  points  of  support  of  the  pendulum  in  the 
two  positions.  Then  the  object  of  the  experiments  is  to  ascertain  a  quantity  proportional  to 

Ta  —  K  T„  . 

Accordingly,  if  dT^  and  dT^  are  the  probable  errors  of  T^  and  T„,  that  of  the  quantity  sought  will 
be 

VA,'((lT,r  + V(dT„^). 

We  will  suppose  that  it  has  been  ascertained,  by  experiment,  that  the  whole  duration  of  the 
swinging  being  C,  and  the  excess  of  the  duration  of  the  swinging  with  heavy  end  down  over  that 
with  heavy  end  up  being  r,  the  probable  errors  of  the  results  are 


dT,=^ 

/«+( 

^  r  ,  C  ^ 

'C  +  x 

dT.=r^ 

/«+( 

^  1  ,  c  ^ 

/C-x 

where  a,  &,  and  c  are  constants.  Then,  the  square  of  the  i)robable  error  of  the  quantity  sought 
will  be 

a  (h/+K^)+{b  7i/+c)  ^  ^+(6  hj  +  c ) 

The  diflFerential  coeflRcient  of  this  relatively  to  r  is 

+  («.■  +  «)  pJjp  . 
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Piittiiig  this  equal  to  zero  and  solving,  we  find  for  the  only  significant  root, 

^  +  +  I  ^b(h/  +  hj)  +  2cy  ; 

C  b  (hi  -  hi)  V  V  b  (h/  -  hj)  J 

when  b  vanishes,  x  reduces  to  zero,  and  the  pendulum  should  be  swung  equally  long  in  the  two 
lM)siiious.  ^NTien  c  vanishes,  as  it  would  if  the  pendulum  exi)eriinent  were  made  absolutely  free 
from  certain  disturbing  influences,  we  have 

rr  /irf  — 

so  that  the  duration  of  an  experiment  ought  to  be  proportional  to  the  distance  of  the  center  of 
mass  from  the  point  of  support.  This  would  be  effected  by  beginning  and  ending  the  experiments 
in  the  two  i>08itions  with  the  same  amplitudes  of  oscillation. 

It  is  to  be  remarked  that  the  theory  here  given  rests  on  the  supposition  that  the  object  of  the 
investigation  is  the  ascertainment  of  truth.  Vlien  an  investigation  is  nifwle  for  the  purpose  of 
attaining  personal  distinction,  the  economics  of  the  problem  are  entirely  different.  But  that  seems 
*  to  be  well  enough  imderstood  by  those  engaged  in  that  sort  of  investigation. 

S.  Ex.  37 - 26 


I 
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APPENDIX  No.  15. 

MEASUREMENTS  OF  GRAVITY  AT  INITIAL  STATIONS  IN  AMERICA  AND  EUROPE. 

United  States  Coast  and  Geodetic  Survey, 

Allegheny,  Pa.,  December  13,  1878. 

C.  P.  Patterson, 

Superintendent  United  States  Coast  and  Geodetie  Survey^  Washington^  D.  C. 

Dear  Sir  :  I  present  herewith  the  first  part  of  my  report  on  the  measurement  of  gravity  at 
initial  stations  of  Europe  and  America.  I  here  describe  the  methods  employed  and  communicate 
the  main  results  of  the  research.  The  discussion  of  the  amount  and  nature  of  the  errors,  of  the 
comparison  of  the  present  results  with  those  deducible  from  the  experiments  of  other  men,  and  of 
the  resulting  figure  of  the  earth,  together  with  some  other  matters,  are  postponed  for  a  subsequent 
report. 

The  acceleration  of  gravity  is  one  of  those  quantities  which  it  is  the  business  of  a  geodetic  survey 
to  meavsure.  So  it  has  always  been  considered ;  and  it  is  usage  which  fixes  the  meaning  of  the  word 
‘^smvey”  in  its  geodetical  sense.  Tlie  geodesist  is  exi)ected  to  do  more  than  make  a  map  of  the 
country,  lie  not  only  determines,  for  instance,  the  decUnation  of  the  magnetic  needle,  which  may  be 
laid  down  on  the  chart,  but  also  the  other  magnetic  constants  which  cannot  be  so  laid  down.  Wei'c 
he  to  omit  to  determine  the  total  force  of  magnetism,  he  would  be  held  by  all  scientific  men  to  have 
neglected  a  part  of  his  duty.  Now,  in  the  same  relation  in  which  this  constant  stands  to  magnet- 
ical  declination  and  inclination,  just  so  stands  the  acceleration  of  gra\ity  to  the  latitude  and  longi¬ 
tude;  and  by  as  much  more  as  tlie  latitude  and  longitude  are  essential  to  a  survey  relatively  to  the 
direction  of  magnetism,  by  so  much  more  is  the  measurement  of  gravity  indispensable  in  comi)ar- 
ison  with  that  of  the  magnetic  force.  The  very  first  duty  of  the  geodesist — ^paramount  even  to  the 
drawing  of  a  mail — is  the  study  of  the  figure  of  the  earth  ;  and  an  operation  of  surveying  in  which 
this  problem  was  left  out  of  view  would  neither  merit  nor  receive  the  name  of  geodetical  work.. 
But  it  was  the  variation  of  gravity  with  the  latitude  which  first  proved  the  earth’s  ellipticity ;  and 
it  may  very  well  yet  turn  out  that  this  method  is  the  best  way  of  determining  it.  At  all  events, 
the  study  of  local  variations  of  vertical  attraction  will  find  an  application  in  the  measurement  of 
the  level  surface  of  the  earth  by  triangulation.  It  is,  also,  quite  certain  that  the  solution  of  some 
high  problems  of  geology  must  be  fiicilitated  by  the  integrated  soundings  which  the  pendulum 
virtually  makes  of  the  earth’s  interior. 

AYhile  the  absolute  amount  of  the  acceleration  of  gravity  is,  no  doubt,  a  geodetical  constant 
necessary  to  be  determined,  a  very  i)recise  knowledge  of  it  can,  in  the  present  state  of  science, 
find  no  iiractical  nor  theoretical  application.  What  is  chiefly  of  importance  is  the  relative  gravity 
at  difterent  places  and  times.  This  is  also  a  quantity  far  easier  to  measui'e.  To  determine  the  accel¬ 
eration  absolutely,  we  must  accurately  measure  both  an  interval  of  time  and  a  length ;  to  determine 
it  relatively,  we  have  only  to  carry  the  same  rigid  piece  of  metal  from  idace  to  place  and  determine 
the  duration  of  some  i)henomenon  in  which  gTaAdty  is  chiefly  concerned.  Moreover,  we  can  fix  in  some 
measure  the  probable  error  of  relative  determinations.  Most  of  the  conditions  of  the  experiments 
other  than  the  amount  of  gravity  itself  are  alike  at  the  different  stations.  If  they  were  precisely  so, 
no  constant  errors  could  affect  the  relative  result  except  in  the  second  order  of  magnitudes.  Now 
the  accidental  errors  of  observjitions,  the  only  ones  which  would  remain,  can  readily  be  determined 
by  the  method  of  least  squares.  It  is  not  quite  true  that  no  conditions  other  than  gravity  vary 
from  station  to  station.  The  temperature,  for  example,  varies;  and  in  such  a  manner  that  an  erro¬ 
neous  coefficient  of  expansion  will  produce  errors  in  the  relative  gravity  of  stations  near  the  poles 
and  near  the  equator  in  a  constant  direction  and  similar  amount ;  and  so  will  slightly  affect  the 
deduced  compression  of  the  earth.  So  an  error  in  the  coefficient  of  atmospheric  effect  will  produce 
a  constantly  similar  error  in  the  relative  gravity  of  an  elevated  and  a  depressed  station,  and  may  thus 
lead  to  an  extremely  erroneous  value  of  the  absolute  modulus  of  gravitation  and  of  the  mean  density 
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of  the  eartli.  There  are,  also,  various  conditions  relating  to  the  installation  of  the  instruments 
which  are  difterent  at  dittereut  stations,  and  which  give  rise  to  errors  which  leix^t  squares  will  fail 
to  detect.  Such  errors  ai-e,  however,  slight  in  comparison  with  those  which  may  aftect  absolute 
(let ermi nations  of  gravity,  into  which  the  constant  errors  enter  to  their  full  amopnt.  A  source  of 
error  affecting  all  modern  determinations  was  lately  i)ointed  out  by  the  writer  of  tliis  paper,  which 
had  produced  errors  in  the  accepted  results  amounting  to  one  foiu  or  live  thousandth  part  of  the 
quantity  measured,  and  in  some  cases  even  to  more. 

The  value  of  gravity-determinations  depends  upon  theii*  being  bound  together,  each  with  all 
the  others  w^hich  have  been  made  anywhere  upon  the  earth.  In  considering  how  the  necessary 
connections  should  be  made  for  our  work,  it  seemed  to  you,  sir,  and  to  Prof.  Benjamin  Peirce,  thc 
consulting  geometer,  as  it  did  to  the  writer,  that  to  trust  to  absolute  determinations  and  to  the 
ti*ausi>ortation  of  meters  would  be  more  than  hazardous,  notwithstanding  that  such  had  been  the 
recent  practice  in  continental  Euroi)e.  Your  instructions  were  accordingly  issued  for  the  oscilla¬ 
tion  of  the  same  pendulum  at  those  fimdamental  stations  of  Europe  where  the  chief  absolute  determi¬ 
nations  had  been  made  and  whence  pendulum-expeditions  had  set  out,  and  at  a  station  in  America 
which  would  become  the  initial  one  for  this  continent.  Similar  action  followed  on  the  part  of  the 
European  surveys;  for  at  the  meeting  of  the  International  Geodetic  Congress  in  Paris,  in  1875,  it 
was  resolved,  at  the  suggestion  of  the  writer,  that  the  difi'erent  states  should  carry  their  pendulums 
to  Berlin  and  swing  them  in  the  Eichungsamt  there.  This  has  already  been  done  by  Switzerland 
and  Austiia,  and  will  be  done  hereafter  by  every  survey  which  is  not  willing  to  sacrifice  the  solu¬ 
tion  of  a  great  problem  to  forms  of  action  based  on  national  exclusiveness.  Geodesy  is  the  one 
science  the  successful  prosecution  of  which  absolutely  depends  upon  international  solidarity. 

STATIONS. 

The  stations  occupied  were  as  follows : 

1.  Oetieva. — The  pendulum  was  swung  in  the  observatory,  nearly  in  the  same  spot,  and  on  the 
same  wooden  stand  (see  illustration  No.  2G)  used  for  the  iiurpose  by  Professor  I^lantamour,  whose 
«adviee  in  regard  to  the  conduct  of  the  experiments  was  invaluable.  Uis  pendulum  w^as  set  up  at  the 
east  end  and  ours  at  the  west  end  of  tlie  main  hall.  The  floor  of  this  hall  is  (as  I  remember  it)  not 
a  meter  above  the  level  of  the  ground  which,  according  to  DufouPs  map,  is  407  meters  above  the 
level  of  the  sea.  The  experiments  here  were  made  in  August  and  September,  1875.  The  station 
must  be  pronounced  unfavorable  for  accurate  pendulum-work,  both  from  its  exposure  to  changes 
of  teroi>eratm‘e  and  from  the  slight  stability  of  the  asphalt  floor  and  of  the  tripod. 

After  the  experiments  at  Geneva  the  pendulum  was  injudiciously  intrusted  to  a  company  in 
Plainpalais,  of  whom  a  vacuum  chamber  had  been  ordered.  It  suffered  grave  injury  in  consequence, 
and  was  repaired  by  MIVI.  Brunner,  in  Paris.  In  this  way  the  operations  at  Geneva  are  completely 
sepanited  from  those  at  the  other  stations,  and  are  dei>rived  of  much  of  theii*  value. 

2.  Pam. — M.  Wallon,  minister  of  worship  and  public  instruction,  authorized  pendulum-experi- 
Dients  at  the  Observatory  of  Paris.  The  observ^ations  were  made  in  the  Hall  of  the  Meridian,  in  the 
alcove  at  the  north  end.  The  center  of  the  pendulum-stand  was  89  cm.  cast  of  the  meridian-mark, 
and  opposite  the  reading  2738  cm.  on  the  meridian-mark.  The  pendulum-stand  stood  directly  on 
the  floor,  and  the  center  of  gyration  of  the  pendulum  was  29  cm.  above  the  floor.  A  pendulum-stand, 
believed  to  be  that  of  Biot,  is  by  measurement  735  cm.  east  of  the  meridian,  and  opposite  450  cm. 
on  the  meridian-mark.  Its  fulcrum  is  171  cm.  above  the  floor.  On  this  subject,  M.  C.  AYolf, 
astronomer  at  the  observatory,  to  whose  politeness  throughout  the  occupation  of  the  station  the 
writer  is  much  indebted,  kindly  communicates  the  followmg  details : 

‘‘  Borda  a  oi>4r6  dans  une  salle  et  centre  un  mur  qui  n’existent  plus ;  la  hauteur  du  sol  de  cette 
salle  au-dessus  du  niveau  de  la  mer  est  67  mi^tres.  UaimuaiVe  du  bureau  des  longitudes  donne  05 
metres. 

“  J’ai  pris  sur  un  ancien  plan  de  Pobservatoire  la  position  du  mur  de  Borda:  son  centre  6tait 
14.72  toises  (28.69  metres)  de  la  ligne  de  la  m^ridienne,  a  Pest,  et  an  sud  A.  9^89  (19® .28)  du  pnits  de 
robservatoire,  dont  Paxe  est  sur  la  m4ridienne. 

‘‘  Lea  coordon^es  de  la  station  de  Biot  par  rapport  A  la  meme  ligne  et  an  m^me  puits  sent : 


Distance  A  la  mdridieime .  7®. 34  est 

“  au  puits  suivant  la  m^ridienne .  10“.23  sud 
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Yous  6tiez  plac<§  vous-meme  presque  sur  la  m^ridienne,  ^  moins  d’un  mfetre  d  Test,  et  k  12“.70 
du  puits  vers  le  nord. 

La  hauteur  des  deux  derni^res  stations  [no  doubt  the  floor  is  meant]  au-dessus  de  ceUe  de 
Borda  est  7“.05,  par  consequent  74:“.05  au-dessus  du  niveau  de  la  mer.” 

The  level  of  the  ground  in  the  middle  of  the  south  face  of  the  observatory  above  that  of  the 
sea  is,  according  to  the  general  staff*,  58.8  meters.  M.  Biot  gives  as  the  elevation  of  his  station 
above  the  sea  70.25  meters.  He  erroneously  states  that  Borda’s  was  at  the  same  level.  De  Frey- 
cinet  gives  72.28  meters  as  the  altitude  of  his  station.  Our  experiments  at  Paris  were  made  during 
the  months  of  January  and  February,  1876. 

The  station  at  Paris  was  favorable  in  regard  to  the  uniformity  of  temperature,  but  unfavorable 
from  the  excessive  instability  of  the  floor. 

3.  Berlin, — The  pendulum  was  swung  in  Berlin  in  the  large  comparison-room  of  the  Imperial 
Eichungsamt  in  the  garden  of  the  obseiwatory.  Plans  of  this  building  have  been  promised  by  the 
director,  Professor  Forster,  for  this  report  5  but  as  they  have  not  yet  arrive<l  the  precise  point  occu¬ 
pied  will  be  stated  in  an  appendix.  The  station  was  very  near  that  of  Bessel,  but  about  three 
meters  higher.  The  experiments  were  made  from  April  15  to  June  12, 1876.  This  station  was  favor¬ 
able  in  regard  to  stillness  and  stability,  but  unfavorable  owing  to  changes  of  temperature.  The 
writer  here  enjoyed  the  inestimable  advantage  of  the  counsel  of  the  Nestor  of  geodesy.  Genera 
Baeyer,  and  also  that  of  great  interest  in  the  experiments  and  attention  to  everything  whicli 
could  affect  the  success  of  them  on  the  part  of  Professor  Forster. 

4.  TTeM?.— In  England,  the  pendulum  was  swung  at  the  Kew  Observatory  in  the  old  deer-park 
at  Richmond,  Surrey.  The  observatory  is  a  meteorological  station  kept  up  by  a  committee  of  the 
Royal  Society,  but  is  apparently  as  fundamental  a  station  as  there  is  available  in  England.  The 
ground  is  24  feet  above  the  level  of  the  sea  and  our  pendulum  was  nearly  at  the  level  of  the  ground. 
The  experiments  were  made  in  July,  1876.  It  proved  an  excellent  place  both  for  steadiness  of 
temperature  and  for  stability  Fortunately,  the  director  of  the  observatory,  Mr.  Wliipple,  thor¬ 
oughly  understands  the  art  of  oscillating  the  pendulum,  and  was  most  obliging  in  furthering  the 
investigation  in  many  ways. 

5.  Hoboken, — The  pendulum  was  swung  in  a  dark  chamber  in  the  cellar  of  the  Stevens  Insti¬ 
tute  of  Technology.  Notwithstanding  the  kindness  of  the  authorities  of  the  institute  in  permitting 
and  facilitating  the  experiments  in  various  ways,  and  the  advantage  of  the  counsels  of  the  eminent 
physicists  resident  there,  especially  those  of  my  friend  Professor  A.  M.  Mayer,  this  station  is  objec¬ 
tionable  from  its  being  situated  in  a  private  institution.  Otherwise,  however,  it  is  a  suitable  place, 
except  that  it  is  impossible  to  measure  the  length  of  the  pendulum  there  with  any  accuracy  owing 
to  effects  of  temperature.  The  latitude  of  the  station  is  40^  44'.5,  the  longitude  is  74^  02'  west, 
and  the  height  above  the  mean  sea-level  is  about  10  meters.  The  position  in  reference  to  the  har¬ 
bor  of  New  York  is  shown  in  the  illustration  No.  26a. 


INSTRUMENTS. 


The  chief  instrument  was  a  Bessel  reversible  pendulum  of  one  meter  length  between  the  knife- 
edges,  admirably  constructed  by  Messrs.  Repsold,  and  nearly  an  exact  copy  of  the  Prussian  instru¬ 
ment  described  by  Bruhns  in  his  account  of  Dr.  Albrecht’s  experiments.  One-half  this  pendulum 
is  shown  in  illustration  No.  27.  Its  mass  is  6308  grams.  The  dimensions  of  its  luincipal  parts  are 
as  follows : 


Height  of  cone  at  end . 

Length  of  little  cylinder . . 

Diameter  of  little  cylinder - 

Diameter  of  cnllar  outside  bob. 

lleight  of  collar. . . 

Diameter  of  bob,  heavy . 

Diameter  of  bob,  light . . 

Height  of  bob,  heavy . 

Height  of  bob,  light . 

Diameter  of  cnllar  below  bob. . 

Height  of  collar  below  bob . 

Diameter  of  stem . 

Distance  (nearest)  bob  to  bob  . 
Length  of  knife . . 


Centimeter. 

.  0. 5 

.  1. 2 

, .  1. 0 

. .  4.9 

.  0. 9 

.  11. 4S 

.  11. 42 

.  3. 25 

.  3. 18 

.  4. 78 

.  2.4 

.  4. 33 

. 115.25 

.  9. 55 


Centimeter. 


Height  of  knife .  1. 8 

Thickness  of  knife .  1.4 

Height  from  bottom  of  brass  oblong  to  top  of  knife .  3. 4 

Thickness  of  brass  piece .  1. 32 

Height  of  tops  of  thumb-screws  above  top  of  knife .  2.  05 

Breadth  of  brass  for  screws . .  2. 35 

Length  of  upper  projection  on  stem  below  knife .  1.4 

Diameter  of  upper  projection  on  stem  below  knife .  5.  0 

Length  of  lower  projection  on  stem  below  knife .  1. 4 

Diameter  of  lower  projection  on  stem  below  knife .  5. 0 

Length  of  hole  for  tongue .  7.  5 

Breadth .  2.  6 

Thickness  of  nfetid .  0. 18 
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In  using  the  vertical  comparator  which  forms  a  part  of  the  instrument,  the  intention  of  the 
makers  seems  to  have  been  that  the  pendulum-meter  should  be  set  vertical  by  means  of  a  spiiit- 
level  on  a  brass  straddle  provided  for  the  purpose.  Instead  of  this,  a  plumb-line  has  been  used. 
Tills  is  so  made  as  to  be  capable  of  movement  in  any  horizontal  direction.  The  point  of  support 
can  also  be  raised  or  lowered  and  the  whole  can  be  rotated  on  a  vertical  axis.  In  this  way,  glass 
scales  may  be  observed,  which  form  part  of  the  plumb;  and  any  error  in  their  verticality  is  elimi¬ 
nated  by  reversal.  The  instrument  is  first  approximately  adjusted;  the  axis  of  rotation  of  the 
comparator  is  made  accurately  vertical  and  the  upper  microscope  is  focused  on  the  knife-edge. 
Then  the  vertical  wire  of  the  lower  microscope  is  made  to  bisect  the  plumb-line  and  the  upper 
microscope  is  turned  about  the  vertical  axis  until  it  also  bisects  the  same  vertical  bne.  Afterward, 
the  plimib-line  having  been  brought  into  the  focus  of  the  iijiper  microscope,  the  lower  one  is 
advanced  or  retracted  until  it  is  in  focus  on  the  i)lumb-line  below.  The  microscoj)es  having  been  so 
adjusted  the  meter  is  adjusted  by  means  of  them. 

A  separate  pendulum-support,  with  a  vacuum  chamber,  constructed  under  my  direction  by  the 
riainpalais  company,  and  called  the  Geneva  support,  was  used  at  Hoboken.  A  vcitical  section  of 
this  support  (suppressing  vaiaous  details)  is  shown  on  illustration  No.  28.  The  sui)portiiig  part 
consists  essentially  of  a  solid  brass  ring  with  tliree  projections  for  screw-feet  and  a  tongue  to 
receive  the  knife-edge  cast  in  one  piece.  The  vacuum  chamber  is  a  metallic  cylinder  covered  witli 
l>ell-glasses  at  the  two  ends.*  Each  screw-foot  is  furnished  with  two  powerful  binding-screws. 
Only  that  part  of  the  tongue  below  the  level  of  the  upper  surface  of  the  brass  ring  is  a  part  of  the 
siime  casting.  The  ui)per  part  is  fixed  by  screws.  The  instniment  is  inovided  with  api)aratus  for 
raising  the  pendulum  off  the  knife-edges  and  letting  it  down  again,  another  for  setting  it  in  motion, 
supimrts  for  thermometers,  graduated  arc,  &c.  The  graduated  arc  is  divided  into  thousandths  of 
the  radius.  Messrs.  Stackpole  and  Brothers,  of  New  York,  have  made  this  troublesome  graduation 
with  extreme  accuracy,  upon  the  arc  now  in  use,  and  have  generously  presented  it  to  the  survey. 

Various  other  instruments  were  used  which  will  be  described  in  giving  an  account  of  the  obser¬ 
vations  made  with  them. 

OBSERVATIONS  OF  THE  DURATION  OF  AN  OSCILLATION. 

The  duration  of  oscillation  was  ascertained  by  chronographing  100  transits  of  the  point  of  the 
pendulum  over  the  vertical  wire  of  a  reading-telescope.  Equal  numbers  of  transits  were  taken 
from  right  to  left  and  from  left  to  right,  so  that  any  effect  from  the  wire  not  being  at  tlie  equilibrium- 
point  was  eliminated.  At  least  two  seconds  elapsed  between  successive  records.  The  time-kee[)er 
was  generally  a  chronometer  breaking  every  two  seconds.  The  chronometer-brejiks  and  signals  of 
pendulum-transits  were  recorded  by  the  same  i>en,  and  interferences  were  avoided  by  choosing 
among  the  following  four  methods : 

A.  25  transits  to  the  right;  50  to  the  left;  25  to  the  right. 

B.  50  transits  to  the  left;  50  to  the  right. 

C.  25  transits  to  the  left;  50  to  the  right;  25  to  the  left. 

D.  50  transits  to  the  right;  50  to  the  left. 

The  chronograph  is  a  fillet  instrument  regulated  by  a  reed  and  constructed  by  Breguet.  It  has 
tliree  i)ens.  The  fillets  have  been  measured  to  tenths  of  seconds  and  the  hundredths  have  been 
estimated,  except  in  the  second  readings  of  the  Berlin  fillets,  where  the  hundredths  were  measured 
with  a  scale  devised  and  constructed  for  the  purpose. 

Observations  of  the  transits  were  taken  when  the  pendulum  reached  an  arc  of  oscillation  of 
lo^  and  ^ach  side  of  the  vertical.  The  object  of  the  intermediate  transits  at  and 

P  will  be  seen  in  the  second  part  of  the  report,  which  treats  of  the  errors  of  the  results.  By  taking 
the  transits  at  fixed  arcs,  the  condition  that  the  pendulum  should  be  e^pially  affected  by  the  air 
with  heavy  end  up  and  heavy  end  down  was  secured  with  certainty.  It  has  been  objected  that  this 

*  Tb«5  li*»kage  of  tlit'  chamber  increased  the  pressure  by  about  that  of  a  tenth  of  a  miUimeter  of  mercurj^  Iter  hour. 


Digitized  by  ViOOQie 


206 


REPOKT  OF  THE  SUPERINTENDENT  OP 


plan  makes  the  experiment  with  lieavy  end  up  of  too  short  duration.  To  remedy  this,  at  Kew  the 
l)endulum  was  swunj?  with  lieaA'^^  end  up  both  befoi'C  and  after  every  experiment  with  lieavy  end 
down,  so  that  there  were  twice  as  many  exiieriments  with  heavy  end  up  as  with  heavy  end  down. 
The  question  of  the  proper  arrangement  of  the  exiieriments  in  this  resjiect  belongs  to  the  theory  of 
the  Economy  of  Research,  which  is  treated  in  Apjiendix  No.  14. 

In  order  to  avoid  any  possible  difference  of  personal  expiation  in  noting  the  transits  when  the 
pendulum  was  moving  rapidly  at  the  beginning  and  slowly  at  the  end  of  the  exiieriments,  ditterent 
powers  were  employed  upon  the  reading- telescope,  so  that  the  aiijiarent  velocity  was  about  the 
same  at  the  last  as  at  the  first  set  of  transits. 

CORRECTIONS. 

The  observed  duration  has  to  receive  the  following  corrections  : 

1.  The  correction  for  the  rate  of  the  time-keeper; 

2.  Tlie  correction  for  amplitude  of  oscillation; 

3.  The  correction  for  iiressurc  and  teiniierature  of  the  air; 

4.  The  correction  for  the  exiiansion  of  the  metal  by  heat ; 

5.  The  correction  for  the  slip  of  the  knives ; 

G.  The  correction  for  the  wear  of  knives ; 

7.  The  correction  for  inequality  of  knives; 

8.  The  correction  for  stretching  of  iiendulum  by  weight  of  heavy  Imb  when  the  latter  is  down; 

0.  The  con-ection  for  the  ffexure  of  the  support; 

10.  The  correction  for  attractions  of  sun,  moon,  and  tide; 

11.  The  correction  for  elevation  above  sea  level. 


ON  THE  CORRECTION  FOR  THE  RATE  OF  THE  TIME-KEEPER. 


The  stations  at  Geneva,  Paris,  and  Berlin,  being  astronomical  observatories,  the  rates  of  their 
clocks  AV(‘re  determined  by  the  astronomers  there. 

At  Geneva,  the  transits  of  the  pendulum  were  registered  on  a  fillet-chronograph  which  was 
found  there,  together  \^dth  the  even  seconds  of  break-circuit  chronometer  Hutton  202.  The  second¬ 
hand  of  the  sidereal  clock  was,  before  and  after  the  experiments  of  each  day,  observed  through  a 
teles(*o])e,  and  its  seconds  registered  in  the  same  way.  The  following  table,  showing  the  corrc'ctions 
of  the  cloc  k  for  20^‘  sidereal  time  of  every  day  on  which  stars  were  observed,  was  kindly  communi¬ 
cated  by  Professor  PlantamoiH : 


Date. 

1875. 
Aug.  27 
31 

Sept.  1 
2 

3 

4 

5 
G 

7 

8 
11 
12 

13 

14 
IG 

17 

18 


Correetion, 
Genova  clock. 


8, 

+ 

5G.30 

+ 

58.3G 

+ 

58.93 

+ 

59.53 

+ 

G0.18 

+ 

G0.81 

'+ 

G1.51 

+ 

G2.13 

+ 

G2.81 

+ 

G3.50 

+ 

G5.G0 

+ 

GG.31 

+ 

GG.7G 

+ 

G7.3G 

+ 

G8.77 

+ 

G9.33 

+ 

70.09 

R. 

Ue. 

8, 

+ 

0.49 

+ 

0.57 

+ 

O.GO 

+ 

0.G5 

+ 

0.G3 

+ 

0.70 

+ 

0.G2 

+ 

0.G8 

+ 

0.78 

+ 

0.G7 

+ 

0.71 

+ 

0.45 

+ 

O.GO 

+ 

0.70 

+ 

0.5G 

-J- 

0.7G 
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These  rates  have  been  adopted  in  the  calculations. 

The  coiui>arison8  between  the  chronometer  and  clock,  and  the  rate  of  the  clironoiucter  as  deduced 
trom  them  for  each  day’s  observations,  will  appear  in  their  proper  place  in  the  full  account  of  tlie 
pendulum-work  in  my  next  report. 

At  Paris  the  pendulum-transits  were  chronographed  together  with  the  beats  of  the  meridian 
clock.  The  corrections  and  rates  of  this  clock  were  supplied  by  the  observatory  in  two  lists,  which 
are  here  appended.  In  transmitting  the  second,  M.  Wolf  makes  the  following  remarks : 

‘‘  J’ai  examine  avec  attention  la  marche  diurne  de  la  pendule  sur  laquelle  vous  avez  observe  et 
comi)t4  la  seconde.  Sa  marche  diume  normale,  resultant  d’un  tres-grand  nonibre  <l’observations 
faites  ^  differentes  6poques  de  I’ann^e,  varie  de  4-0^05  ^  +0'*.07.  C’est  en  eifet  ce  quo  nous  retrou- 
vons  pour  le  mois  do  fe\Tier,  comme  il  r^sulte  du  tableau  ci-dessous.  Mais  en  janvier,  il  est  (Evi¬ 
dent  (lu’il  s’est  produit  une  perturbation  dont  je  ne  puis  deviner  la  cause.  Quoiqu’il  en  soit,  il  me 
parait  n<5cessaire  d’iidmettre  pour  la  marche  diurne 

4-0*.20  du  24  janvier  an  2  fdvrier 
+0  ;07  du  2  f^vrier  an  24. 

‘Woici  en  effet  le  tableau  des  corrections  observ^es  en  regard  desqiielles  jc  place  les  correc?- 
tions  calcukes  avec  les  marches  pr^c^dentes:  [Here  M.  Wolf  inserts  the  second  list  given  lielow.] 
Ces  corrections  se  rapportent  toutes  4  9^  temps  moyen  ^  J  d’hem'e  pres. 

‘‘  La  seide  difiference  trop  forte  est  celle  du  4  f<6vrior  •,  la  correction  de  ce  jour  a  ete  obtiuiue  par 
uu  observateur  different  de  celui  qui  a  d6termin6  toutes  les  autres. 

Quelle  que  soit  d’ailleurs  la  marche  quo  vous  admettiez,  il  me  semblc  que  I’erreur  qui  pout  en 
resulter  sur  la  dur^e  do  la  seconde  sid^rale,  c’est  toujoius  do  beaucoup  inferieure  a  celle  qui  resulte 
de  la  mesurc  des  oscillations  de  votre  pendule.” 

Correctiam  of  the  Tark  vieridian-clocJc, 

FIRST  LIST.  I  SECOND  LIST. 


t 

Temps 

Lunette  do 

Ccrclc  mdridieu. 

Date. 

sid^ral. 

Gambey. 

M.  P6ri- 

Dale. 

Obs. 

Calc. 

M.  L<Son. 

gord. 

M.  Folaiu. 

1870. 

h.  m. 

8, 

1870. 

8. 

Jan.  5 

3  3 

+  12.02 

10 

3  40 

+12.46 

.  15 

7  0 

+13.37 

24 

4  40 

+15.09 

+  15.35 

Jan.  24 

+  15.35 

+  15.40 

25 

7  30 

+15.19 

+  15.60 

25 

+15.60 

+  15.60 

26 

+15.85 

26 

+ 15. 8o 

+  15.80 

27 

4  25 

+15.83 

28 

5  40 

+15.88 

+  16.22 

28 

+  16.22 

+  16.20 

29 

5  0 

+  15.91 

+  16.35 

29 

+  16.35 

+  16.40 

31 

6  3 

+  16.41 

+16.75 

31 

+  16.75 

+  16.80 

Fev.  1 

+  17.03 

Fev.  1 

+17.05 

+  17.00 

2 

+17.32 

+17.19 

4 

+17.59 

4 

+17.62 

+17.33 

7 

+18.50 

7 

+  17.53 

+17.54 

9 

+  18.50 

9 

+  17.57 

+17.68 

10 

+  18.75 

10 

+17.72 

+  17.75 

11 

+  18.75 

11 

+17.76 

+17.82 

12 

+  18.82 

12 

+17.87 

+17.89 

14 

+18.46: 

15 

+19.28 

22 

+18.50 

+18.59 

23 

+18.64 

+18.66 
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I  caimot  presume  to  review  tlie  jiulgineut  of  the  Paris  Observatory  upon  the  errors  of  it^  own 

observers,  and  the  rates  given  in  tlie  last  column  are  therefore  adoptetl.  Illustration  No.  21)  exhibits 
the  eoneordance  of  the  observations  with  these  rates. 

At  Berlin  the  clock,  whose  seconds  were  chronographed  with  the  signals  of  ])enduluni- transits, 

was  a  subsidiary  one  in  the  obsersmtory,  designated  as  Serftert.  Ever}'  day,  before  and  after  the 
experiments,  it  was  put  on  to  one  of  the  observatory  chronograi)hs  with  the  clock  of  the  observa¬ 
tory.  The  corrections  were  communicated  in  the  following  list : 

Stwid  wid  Gang 

f  von  Serffert,  15-Jiinil(}, 

1876. , 

Ta-S 

A*.  Ta  S  Tiigl.  G.  S. 

April  15.03 

8. 

26.29 

8, 

16.13 

26.58 

.63 

26.87 

17.13 

27.14 

-  0.17  +26.97 

.63 

27.33 

18.13 

27.48 

-0.23 

.63 

27.61 

19.13 

27.75 

-  1.25  +26.50 

.63 

27.81 

20.13 

27.89 

-0.17 

.63 

27.95 

21.13 

28.03 

.63 

28.06 

-  1.98  +26.08 

22.13 

28.14 

.63 

28.24 

23.13 

.63 

28.39 

-0.03 

24.13 

.63 

28.66 

25.13 

28.90 

.63 

29.00 

26.13 

29.33 

-  3.37  +25.96 

.63 

29.52 

+  0.04 

27.13 

29.73 

-  3.73  +26.00' 

.63 

29.90 

28.13 

30.05 

.63 

30.16 

-0.19 

29.13 

30.29 

.63 

30.44 

30.13 

30.61 

.63 

30.69 

-  5.36  +25.33 

Mai  1.13 

30.81 

-0.16 

.63 

2.13 

31.03 

-  5.94  +25.09 

.63 

3.13 

31.30 

+  0.02 

.63 

31.53 

4.13 

31.82 

-  6.69  +25.13 

.63 

32.15 
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Stand  und  Gang  van  Serffert^  187G,  April  la-Juni  IG — Continued. 
1876. 


AA.  T:, 


Mai 


H. 

H. 

5.13 

32.41 

.G3 

32.04 

G.13 

32.92 

.G3 

33.15 

7.13 

,33.31 

.G3 

33.40 

—  7.77 

+  25.09 

8.13 

33.71 

.G3 

33.98 

9.13 

34.28 

.G3 

34.57 

10.13 

34.88 

.G3 

35.15 

—  8.02 

+  20.53 

11.13 

35.49 

.G3 

35.78 

12.13 

30.00 

-  9.00 

+  27.00 

.03 

13.13 

30.59 

.(k5 

36.89 

14.13 

37.19 

.63 

37.41 

15.13 

37.70 

.03 

37.98 

-10.54 

+  27.44 

10.13 

38.34 

.03 

38.05 

17.13 

38.96 

.03 

Es  wiirde  eiiie  kleiiie 

VerbesHornii; 

18.13 

.03 

19.13 

.03 

20.13 

10.58 

-12.20 

-  1.08 

.03 

10.45 

21.13 

10.38 

.03 

10.24 

-12.50 

—  2.20 

22.13 

10.08 

.03 

9.88 

23.13 

9.09 

-12.74 

-  3.05 

.03 

24.13 

9.32 

.03 

9.13 

-13.15 

-  4.02 

25.13 

8.90 

.03 

8.81 

A//.  S  Tagl.  G.  S. 


+  O.IG 


(0 


+  0.28 


+  0.3o 


+  0.11 


-0.39 


-0.53 


-0.G5 


-0.G4 


Anni.  1).  Qnocksilbcrtropfmi  liohcr  gostollt. 

Anm.  2).  Die  Uiitersucimiig  lier  Giinge  1876,  Febr.  ‘i."),  bis  Mai  15,  orgiebt 
rfJTUKlich.  Gans)  _ 
d  naroiii. 


S.  Ex.  37- 
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Stand  und  Gang  von  Serffe^'t,  1876,  April  IS-Jwm  16 — Continued. 


1876. 


Ta-S 


Mai 


Juni 


26.13 

8. 

8.69 

.63 

8.54 

27.13 

8.40 

.63 

8.27 

28.13 

8.12 

.63 

8.03 

29.13 

7.92 

.63 

7.80 

30.13 

7.76 

.63 

7.70 

31.13 

7.65 

.63 

7.54 

1.13 

.63 

7.35 

2.13 

7.24 

.63 

7.06 

3.13 

6.94 

.63 

6.72 

4.13 

6.49 

.63 

6.31 

•5.13 

6.16 

.63 

5.96 

6.13 

5.74 

.63 

5.46 

7.13 

5.22 

.G3 

4.96 

8.13 

4.81 

.63 

9.13 

4.42 

.63 

4.23 

10.13 

4.08 

.63 

3.95 

11.13 

3.85 

.63 

3.70 

12.13 

3.52 

.a3 

3.35 

13.13 

3.23 

.63 

2.98 

14.13 

2.78 

.63 

2.56 

15.13 

2.36 

.63 

2.17 

16.13 

1.97 

.63 

1.80 

Ah.  Ty 
8. 


Ah.  S  Tagl.  G.  S. 


-13.85  -  5.31 


-0.60 


-14.91  -  7.11 


-0.44 


-16.01  -  9.29 


-16.25  -10.29 


-16.24  -11.28 


-0.50 


-0.49 


-0.42 


-16.66  -12.96 


-0.50 


-17.19 


-15.22 
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A.11  independent  set  of  comparisons  between  Serffert  and  the  normal  clock  of  the  observatory 
is  given  below,  the  differences  between  it  and  the  previous  table  being  usually  very  slight.  In  the 
table  below  the  column  headed  O  gives  T3— S  as  directly  observed,  and  I  as  interpolated  from  the 
table  just  given : 


Date. 

T3-S,  0 

Ta-S,  I 

0— I 

1876. 

s. 

8. 

8. 

April  19.94 

27.88 

27.86 

+  .02 

21.01 

28.01 

28.01 

.00 

23.91 

28.45 

28.47 

—  .02 

24.12 

28.50 

28.52 

—  .02 

24.89 

28.77 

28.78 

—  .01 

25.12 

28.89 

28.90 

—  .01 

25.89 

29.22 

29.21 

+  .01 

26.11 

29.31 

29.32 

—  .01 

27.90 

30.00 

29.98 

+  .02 

28.12 

30.06 

30.05 

+  .01 

28.88 

30.15 

30.22 : 

—  .07 

29.12 

30.30 

30.29 

+  .01 

29.89 

30.57 

30.53 : 

+'  .04 

30.12 

30.62 

30.61 

+  .01 

May  1.90 

31.03 

30.98: 

+  .05 

2.12 

31.03 

31.03 

.00 

2.89 

31.25 

31.24 

+  .01 

3.92 

31.83 

31.70 : 

+  .13 

4.11 

31.81 

31.81 

.00 

4.89 

32.29 

32.29 

.00 

There  are  but  four  cases  of  disconlance,  all  occurring  whore  the  comparison  of  this  set  was 
taken  midway  between  two  of  the  former  set. 

On  comparing  the  daily  rates  of  the  two  clocks  designated  as  T3  and  S,  during  the  time  of  the 
pendulum-observations,  it  will  be  found  that  the  latter  went  as  well  as  the  former,  as  shown  in  the 
following  table : 


Date. 

Daily  rate, 

Daily  rate, 

Dilf.  from 

Diff.  from 

T3 

S 

mean  T3 

mean  S 

1876. 

8. 

8. 

8. 

8. 

Apr.  19-21 

—  .49 

—  .17 

—  .12 

—  .07 

21-26 

—  .31 

—  .03 

+  .06 

+  .07 

26-27 

—  .36 

+  .04 

+  .01 

+  .14 

27-30 

—  .47 

—  .19 

—  .10 

—  .05 

May  0-  2 

—  .23 

—  .16 

+  .14 

—  .06 

2-  4 

—  .38 

+  .02 

—  .01 

+  .12 

For  the  observations  at  Kew,  the  time  was  kept  by  the  four  chronometers — 

Hutton  202,  sidereal ; 

Dent  2171,  mean  solar; 

Frodshain  3525,  mean  solar; 

Frodsham  3474,  mean  solar. 

The  solar  chronometers  were  all  compared  with  No.  202,  by  coincidence  of  beats,  at  least  once  a 
day,  from  June  30  to  July  12,  inclusive,  but  the  comparison  of  June  30  was  rejected  because  the 
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chronometers  had  not  then  been  in  place  long  enough  to  acquire  uniform  rates.  The  following  table 
gives  the  results  of  these  comparisons,  the  excess  of  each  chronometer  over  No.  3525  being  taken. 


Kew. — Comparison  of  chronometerH  [2171,  3525,  and  3474  are  reduced  to  sidereol  time]. 


Excess  over  Frodsham  1^25  of — 


Dent  2171.  Frodsham  :1474, 


1876. 

June  30.13 
July  1.12 
1.26 

1.47 

1.92 

2.10 

2.94 

3.16 

3.47 
3.98 

4.25 
5.09 
6.15 

6.92 

7.25 

7.91 
8.12 
8.45 

8.95 
9.12 

9.91 
10.18 

10.39 

11.11 

11.99 
12.37 


Hutton  202. 

m,  S. 

+  3  8.61 
2  57.94 

56.43 

54.15 

49.42 
47.49 

38.42 

35.99 
32.73 

27.40 
24.47 
15.30 

3.60 
1  55.17 

51.44 
44.10 
41.77 

38.16 
32.63 

30.79 
22.19 

19.17 

16.87 

9.16 
0  59.47 
+  0  55.21 


m,  8, 

4-  0  1.30 
0.14 

+  0.02 
-  0.12 
0.43 
0.57 
1.34 
1.53 
1.70 
2.10 
2.31 
2.1)6 
3.58 
3.94 
4.03 
4.42 
4.56 
4.79 

5.22 
5.33 

o.8o 

6.11 

6.22 
(J.93 
7.98 

—  0  8.43 


W.  8, 

+  0  20.87 

19.79 
19.71 
19.57 
19.31 
19.25 

18.96 

18.97 

18.88 

18.65 

18.65 

18.41 
18.13 
17.90 
17.94 

17.99 

17.97 

17.88 

17.80 
17.76 
17.67 

17.65 
17.59 

17.43 
16.73 

+  0  16.63 


In  the  transit-observations,  a  Dollond  transit  belonging  to  the  observatory,  was  used.  These 
observations  were  taken  under  very  great  disatlvantagcs.  The  transit-room,  which  was  not  in  the 
observatory  building,  but  located  just  outside  the  east  wall,  was  not  large  enough  to  allow  a  place  for 
the  chronograph,  so  that  the  observer  (Mr.  11.  Farquhar)  was  obliged  fre(iuently  to  leave  this  room 
in  order  to  see  to  the  recording  of  his  signals.  The  instrument  was  one  of  small  magnifying  power, 
with  a  long  interval  between  the  wires  (about  26*  at  the  cipiator),  so  that  a  special  journey  had  to  be 
made  during  the  passage  of  the  high  noithern  stars,  to  wind  up  the  chronograph  and  see  that  the  pens 
were  working.  It  was,  moreover,  in  not  very  good  condition,  nor  very  steady.  For  these  reasons, 
though  many  stars  were  observed  every  fair  evening,  great  difficulty  was  found  in  getting  a  satisfactory 
correction  from  them.  In  illustration  No.  30,  which  shows  the  coiTection  to  each  of  the  chronom¬ 
eters  after  applying  a  unifonn  rate,  the  comi)arisoiis  made  at  the  time  of  the  transit-observations 
are  distinguished  by  circles,  and  only  the  observations  of  the  3rd,  10th,  and  12th  are  taken,  it 
having  been  found  impossible  to  bring  the  separate  stars,  in  the  observations  of  the  1st  and  the 
8th,  into  concordance. 

Chronometer  3525  has  been  considere<l  as  having  one  uniform  rate  of  -f-  9^23  per  day,  from  the 
beginning  to  the  end  of  the  pendulum-exx)erinients. 
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This  supposition  gives  as  the  rate  of  No.  202,  the  chronometer  use<l,  during  each  day  when  the 
(wndulum  was  swung — 

Daily  rate 
of  202. 

187G.  8. 

July  1  4-  10.99  ^ 

2  11.10 

3  11.05 

4  11.01 

7  11.24 

8  11.35 

9  11.15 

10  11.20 

These  rates  have  been  adopted  in  the  calculation. 

At  Hoboken  the  time  was  observ  ed  with  the  United  States  (]oast  Survey  portable  transit  Ko.  5^ 
by  Simms.  It  was  kept  by  break-circuit  chronometers — 


Hutton  202  (sid.  time), 

Bond  380  (sid.  time), 

Negus  1589  (sid.  time), 

Negus  1591  (mean  time), 

and  a  part  of  the  time  by 

Bond  387  (sid.  time). 

For  the  observations  of  April  and  May,  1877,  which  were  intended  to  show  the  ditlereuce  in  the 
time  of  oscillation  on  a  stiff*  and  on  a  flexible  stand,  and  for  the  regular  swings  of  June,  1877,  the 
time-observations  were  commenced  by  Subassistant  Edwin  Smith  on  March  24,  and  were  continued 
until  June  29,  inclusive.  The  chronometer  used  in  the  observations  of  time  was  usually  Negus 
1589.  The  following  table  shows  the  residuals  of  the  time-observations.  The  reduction  was  made 
by  field-methods,  by  Subassistant  Smith  : 


March.  Ai>i*il.  Ma.V- 


P.D 

Z.D. 

1 

24 

6 

11 

12 

17 

23 

24 

25 

2 

3 

7 

12 

5  Geminonim . . . 

68 

-H19  + 

.04  W. 

.. 

V.  Vll,  67 . 

21 

-28  + 

.01  W. 

.. 

.. 

•  Gcminorura . . . 

58 

+  9  + 

.20  W. 

rt‘ 

• 

«  CanU  Minoria. 

84 

+  35- 

.28  W. 

-.03 

E. 

B  Geminonim... 

62 

-fl2  + 

.02  E. 

+  .14 

E. 

3  H  Urs*  Midoris. 

21 

-28  + 

.02  E. 

«  Cephei  (L.  C.). 

-13 

-62 

-.10 

W. 

«  Hvdnc . 

83 

+34 

+  .04 

W. 

+  .08 

W. 

—.10 

W. 

1  Fnw  Majoria 

41 

-  8 

+  .09 

W. 

.00 

w. 

-.09 

W. 

+  .02 

W. 

«  Cancri . 

79 

+  30 

-.03  E. 

-.04 

w. 

+  .04 

W. 

1  U  DratMinia  . 

8 

-41 

-.09 

w. 

+  .03  E. 

-.15 

E. 

-.24 

W. 

-.04 

E. 

a  Uvdno .  . . 

98 

+  49 

+  .07 

E. 

-.16 

E. 

+■.01 

W. 

-.08 

K. 

+  .07 

W. 

d  Un«e  Mjyoria. 

20 

-30 

-.05  W. 

.00 

E. 

-1-.15 

K. 

+  .25 

W. 

-.02 

E. 

B  Unttf  MiOoris. 

38 

-11 

+  .01 

w. 

.00 

E. 

1  .10 

E. 

+  .02 

E. 

+  .06 

w. 

t  Leonifl . 

66 

+19 

—  .O.'i 

E. 

-.04  W. 

+  .01 

W. 

,  -.03 

E. 

+  .07 

W. 

-.13 

w. 

-.03 

E. 

Leoiiia . 

63 

+  14 

+  .02 

E. 

+  .07  W. 

+  .02 

W. 

+  .03 

E. 

+  .06 

W. 

+  .05 

E. 

+  .04 

E. 

tt  Ivconis . . 

77 

+  28 

+  .04 

E. 

+  .02 

W. 

+  .03 

E. 

32  UrsflB  M^joiis. 

24 

-25 

-.08 

E. 

.00 

W. 

Yi  Lconia . 

70 

+  20 

-.02 

W. 

+  .03 

W. 

-.03 

E. 

9  H  Dracimi.a  . 

14 

-36 

-.01 

W. 

fi  Lconis . 

80 

+  31 

+  .02 

W. 

.00 

W. 

1  LvonU . 

79 

+30 

-.06 

E. 

+  .03 

W. 

•  Ursa;  Msvjoria.. 

28 

-22 

+  .12 

E. 

.00 

AV. 

*  Leonis . 

60 

+20 

-.10 

E. 

.. 
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May. 

June. 

P.D 

.  Z.  D.  14 

10 

20 

28 

29 

1 

11 

13 

14 

16 

17 

18 

19 

5  Crateris . 

104 

4-55 

_ 

01  E. 

T  Leonis . 

C 

4-37  .. 

4- 

.03  E. 

A  Dracouis . 

-29 

- 

.14  E. 

V  Leonis . 

.  9 

+  41  .. 

+ 

.03  W. 

/3  Leonis . 

75 

<25  . . 

- 

.04  W. 

-%* 

Y  Ursaj  Majoris. 

36 

-14 

+ 

.16  W. 

Tj  Virjiiiiis . 

90 

+  41  -.04 

W. 

K  Draoonis . 

20 

-40  -.02 

W. 

-.03 

E. 

32  Uj  Caraelop . 

0 

-43  .. 

4-. 02 

W. 

12  Caiium  von  . . . 

51 

4-  2  .. 

4  .03 

E. 

+  .07 

w. 

+  .03  E. 

6  Vir^iiiis . 

.  95 

+  40  .. 

.00 

E. 

-.02 

w. 

-.03  E. 

a  Virgiuis . 

.  101 

+46  4-.04 

W. 

+  .02 

VV. 

-.09 

E. 

+  .03  W. 

^  Virpnia . 

.  90 

+41  -.00 

E. 

-.02 

W. 

+  .02 

E. 

.00  W. 

+  .01  E. 

ij  Ui-sie  Ma^joiis.. 

.  40 

-  9 +.02 

E. 

+  .08 

E. 

-.00  \V. 

-.02  W. 

-.04  W. 

-.03  E. 

+  .08  E. 

T)  Bootio . . 

,  71 

+  22  +  .04 

E. 

-.08 

E. 

4  .01  W. 

.. 

+  .03  W. 

-.02  E. 

.00  E. 

a  Draconis . 

.  25 

-24  .. 

-.03 

w. 

.00 

E. 

-.01  E. 

-.09  E. 

a  Bout® . 

70 

+21  .. 

f  .00 

w. 

+  .01 

W 

.  +.04  E. 

+  .01  E. 

+  .00  w. 

+  .03  W. 

+  .10  W. 

6  Boot® . . 

.  38 

-12  . . 

+  .00 

w. 

.00  E. 

+  .01  W. 

-.06  W. 

.00  W. 

5  Li’S®  Minoris. . 

14 

—  35 

-.03 

AV 

.  .00  E. 

-.01  E. 

.00  W. 

.00  W. 

-.02  W. 

e  Boot®  . . 

,  62 

+  13  .. 

-.08 

E. 

+  .03  E. 

+  .02  W. 

+  .05  E. 

-.08  E. 

cLg  Libnc . 

.  106 

+  56 

.. 

-.02  E. 

-.03  E. 

S  Ura®  Minoris.. 

.  15 

-34  .. 

-.02  E. 

+  .03  E. 

J  lino. 


P.  D.  Z.D.  20  22 

23  25 

27  29 

a  Virginia . 

101  +46 

+  .03  E.  .. 

i  Virginia . 

90  +41 

+  .05  E. 

Tf  TJraaj  Miyoria. 

.40  -  9  -.04  E. 

-.08  E.  .. 

-.03  AA^ 

77  Bootic . 

.  71  +22  +.03  E. 

.OOAV.  .. 

4.O2AV. 

a  Draconis . 

25  -24  .OOE.  +.07W. 

.00  W.  . . 

-.10  E.  .00  E. 

a  Boot® . 

70  +21  +.03  W. -.04  W. 

.OOE.  -.02  E. 

0  Boot® . 

.38  -12  ..  -.02  AV. 

+  .10  E.  +.01  E. 

5  Frs®  Minoris. 

14  -35  .OOAV. -.06E. 

.00  W. 

€  Boot®  . . 

.  02  +13 +.01  A^^ +.01  E. 

.00  AV.  . . 

a,  Libr® . 

106  +56  ..  +.06  E. 

(i  Ura®  Minoris. 

.  15  34  .. 

fi.,Boot® . 

.52  +  3  .. 

-.00  AA'. 

Y2D'r8®  Minoris. 

.  18  -32 

+  .02  AA". 

a  Coronro  Bor — 

.  63  +14 

+  .00  AA^ 

a  Serpent  is . 

,  83  +  34  .. 

+  .00  E. 

e  Seiiientis . 

.  85  4  36 

-.05  E. 

^  Umc  Minoris. . 

.  12  -37 

-.01  E. 

Table  of  instrumental  eonstants. 


1877. 

Level  constant. 

Azimuth. 

Colliniation, 

March  1 

+0.02  W 

.  +0.00  E, 

.  -5.04 

-0.30 

24 

+0.01 

+0.10 

-2.40 

0.00 

April  () 

-0.11 

-0.03 

-0.42 

-0.17 

11 

-0.02 

+0.13 

+0.20 

12 

—0.04 

+  0.03 

-0.20 

+0.20 

17 

-0.12 

—0.04 

+  0.07 

+0.22 

23 

-0.10 

-0.01 

+0.04 

+  0.20 

24 

-0.11 

0.00 

+0.05 

+0.31 

25 

0.00 

+0.04 

+  0.22 

+0.03 

May  2 

+0.10 

+0.24 

+0.71 

+  0.04 

;5 

+0.07 

+0.08 

+0.40 

0.00 

7 

-0.04 

0.00 

+  0.50 

+0.02 

12 

+0.08 

+  0.10 

+0.02 

0.00 

14 

+  0.00 

+  0.10 

—0.45 

0.00 

10 

+0.07 

+  0.13 

-0.03 

0.00 

2() 

+  0.3.>^ 

+0.34 

+  0.72 

0.00 

28 

+  0.31 

+0.3(» 

+0.00 

+  0.04 

20 

+0.30 

+0.37 

+  0.47 

-0.08 
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Table  of  instrumental  constants — Continued. 


1877. 

Level  constant. 

Azlmath. 

Collimation. 

June  1 

+0.38 

+0.44 

+0.66 

0.00 

11 

+0.26 

+0.25 

+0.56 

0.00 

13 

+0.22 

+0.30 

+0.55 

—0.03 

14 

+0.20 

+0.28 

+0.54 

0.00 

16 

+0.32 

+0.35 

+2.43 

—0.03 

17 

+0.44 

+0.48 

+0.33 

+0.02 

18 

+0.29 

+0.38 

+0.41 

0.00 

19 

-+-0.48 

+0.50 

+0.43 

0.00 

20 

+0.36 

+0.38 

+0.43 

—0.05 

22 

+0.54 

+0.46 

+0.30' 

—0.06 

23 

+0.40 

+0.40 

+0.45 

—0.02 

25 

+0.31 

+0.43 

+0.31 

+0.05 

27 

+0.35 

+0.54 

+0.52 

+0.06 

29 

+0.43 

+0.50 

+0.47 

+0.02 

The  chronometers  were  compared  on  the  chronograph  daily,  and  also  before  and  after  all  pen¬ 
dulum-observations.  The  following  table  shows  the  results  of  these  comparisons : 


Mean  time. 

Bond  387— 

Bond  380 — 

Hutton  202 — 

Negus  1591 

Date. 

Negus  1589 

Negus  1589 

Negus  1589 

(red.  to  sid.) — 
Negus  1589 

1877. 

m.  s. 

m.  s. 

m.  s. 

m.  s. 

March  1.41 

+0  33.61 

+0  25.06 

+  10  58.85 

+0  49.34 

24.42 

1  19.40 

—0  6.5o 

57.00 

1  8.38 

30.98 

.  31.80 

14.53 

11  2.70 

13.30 

April  1.20 

33.93 

15.82 

3.20 

14.22 

6.38 

43.13 

21.46 

6.36 

17.10 

7.00 

44.28 

22.11 

6.87 

17.42 

7.20 

44.63 

22.30 

7.10 

17.47 

7.96 

45.93 

23.09 

8.69 

17.86 

8.05 

46.10 

23.21 

8.80 

17,90 

12.27 

54.10 

27.90 

15.80 

19.79 

13.06 

55.76 

29.81 

17.09 

18.48 

14.08 

56.97 

30.95 

18.45 

19.75 

16.18 

2  2.41 

35.84 

24.60 

18.13 

17.31 

4.73 

32.65 

27.02 

23.72 

19.03 

8.77 

33.23 

31.37 

24.22 

20.98 

11.10 

36.20 

34.17 

23.87 

23.28 

15.99 

38.69 

38.51 

24.64 

24.33 

18.03 

39.90 

40.10 

26.46 

25.20 

19.80 

40.41 

41.45 

18.53 

25.28 

19.90 

40.41 

41.50 

25.12 

26.26 

21.74 

41.48 

42.90 

25.20 

27.18 

23.59 

42.29 

44.19 

25.54 

28.04 

24.97 

43.06 

45.11 

25.65 

May  1.21 

29.22 

46.95 

47.40 

24.90 

2.30 

30.59 

48.57 

48.51 

24.63 

3.29 

32.09 

50.02 

49.69 

24.74 

4.23 

33.64 

51.18 

50.70 

24.97 

5.24 

35.34 

52.36 

50.04 

25.24 

7.11 

38.41 

54.50 

50.00 

25.89 

7.32 

38.58 

54.85 

49.79 

26.75 
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Mean  time. 

Bond  387— 

Bond  380 — 

Hutton  202 — 

Negus  1591 

Date. 

Negus  1.589 

Negus  1589 

Negus  1589 

(red.  to  sid.) — 
Negus  1589 

1877. 

m.  8. 

m.  8. 

m.  8. 

m.  8. 

May  7.48 

+2  38.73 

—0  54.97 

+11  49.73 

+1  25.76 

8.17 

39.80 

55.60 

49.80 

26.04 

Chronometers  (202)  and  (387)  moved. 

May  8.22 

39.40 

55.62 

49.80 

26.04  ' 

9.15 

42.16 

56.20 

50.73 

26.53 

10.12 

44.92 

57.02 

51.92 

26.84 

11.13 

,  47.87 

58.07 

53.21 

27.16 

Chronometers  moved. 

11.23 

50.20 

56.08 

55.33 

29.22 

12.27 

52.57 

56.63 

54.17 

28.18 

14.35 

Excesses  ^ 

'—3  55.20 

+8  53.71 

— 1  31.45  f'j 

14.54 

•  55.80 

52.58 

32.11  ?  I 

15.26 

over 

57.93 

50.00 

34.90!  j 

16.31 

(387) 

4  0.86 

45.80 

37.54!  1 

17.99 

+3  14.33 

^_0  50.75 

+11  53.13 

+1  30.75 

21.21 

27.48 

44.17 

54.85 

36.89 

24.16 

33.16 

42.64 

52.18 

31.47 

25.18 

36.86 

41.38 

53.01 

31.58 

26.21 

40.18 

40.32 

53.64 

31.41 

26.43 

40.90 

40.10 

63.71 

31.03 

28.32 

47.16 

38.17 

65.01  . 

31.30 

29.33 

50.53 

36.97 

55.63 

31.26 

31.23 

57.00 

34.30 

56.60 

31.42 

June  1.35 

4  1.14 

32.46 

56.72 

31.49 

4.29 

10.28 

29.72 

54.48 

30.32 

8.29 

21.70 

25.60 

53.43 

27.85 

11.32 

29.90 

22.00 

52.99 

25.89 

11.49 

30.30 

21.90 

52.90 

25.70 

12.28 

32.43 

21.16 

52.57 

24.97 

13.27 

35.03 

20.37 

52.09 

24.36 

14.30 

38.08 

19.36 

51.68 

23.19 

14.48 

38.60 

19.20 

51.58 

23.00 

15.34 

41.02 

18.36 

51.12 

22.24 

15.47 

41.35 

18.22 

51.06 

22.08 

16.31 

43.55 

17.45 

50.35 

21.21 

16.43 

43.89 

17.31 

50.22 

21.09 

17.34 

46.20 

16.49 

49.40 

21.52 

17.49 

46.68 

16.28 

49.28 

18.32 

48.60 

15.67 

48.10 

19.22 

19.34 

51.30 

14.61 

46.77 

18.49 

19.46 

51.68 

14.42 

46.68 

18.30 

20.30 

54.06 

13.63 

45.37 

17.60 

20.40 

54.38 

45.30 

17.59 

21.29 

56.71 

12.39 

43.91 

16.82 

22.31 

59.42 

11.78 

42.22 

15.76 

22.42 

69.70 

11.68 

42.07 

15.61 

23.28 

6  2.10 

11.20 

14.63 

26.37 

7.60 

9.49 

36.49 

12.16 
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Mean  time. 
Date. 

Bond  :]87— 
Negus  15S9 

Bond  380 — 
Negns  1589 

Hutton  202 — 
Negns  1589 

Negns  1591 
(red.  to  sid.) — 
Negus  1589 

1877. 

m.  s. 

m. 

8. 

m,  8, 

Vi.  8. 

June  26.31 

+5  9.82 

-0 

8.68 

+11  34.28 

+  1  18.7G 

27.31 

12.43 

7.77 

31.43 

10.26 

29.14 

16.79 

6.47 

25.54 

8.08 

29.21 

16.96 

6.45 

25.26 

7.98 

29.29 

17.20 

6.37 

25.01 

7.96 

July  4.43 

28.69 

4.25 

5.77 

0.29 

All  the  subsequent  time-observations  were  made  by  Mr.  IleiLry  Fan] u liar,  who  was  instructed 
to  pursue  the  same  system  that  Mr.  Smith  had  done.  For  the  exjieriments  at  various  pressures  with 
heavy  end  down,  time-observations  were  begun  on  September  IS,  1877,  and  continued  till  October 
5,  inclusive.  The  chronometer  used  Avas  Negus  1589.  The  transits  of  the  stars  were  taken  as  in 
Mr.  Smith’s  oliservations,  a^Toss  the  live  wires  of  the  middle  group  only,  and  reail  to  twentieths  of 
a  second. 

The  observations  taken  from  September  18  to  24  inclusive  were  not  reduced,  as  the  chronom¬ 
eter  used  in  observation  was  sutt'ered  to  run  down  on  the  25th,  by  the  janitor  of  the  Stevens  Insti¬ 
tute,  who  had  been  commissioned  to  attend  to  winding  it.  The  agreement  of  the  stars  observed, 
instrumenhil  constants,  and  chronometer-comparisons  are  given  in  the  following  tables : 


€  Df^lpliini . 

Or.  3241 . 

a  (?ymi - 

H  Aquaiii. . 
V  Cycni . . . . 
12  Y.C.  1879 
61|Cycui. ... 
^  Cycni  . . 
a  Cephei . . . 
1  Pcpisi  . . . 

Aqiinrii.. 
^  Cepbci  .. 
$  A«iuarii.. 
«  PegaHi . . . 
11  Ccphci  .. 
79  DrjM  onis 
a  Aquarii.. 
0  Aquarii. . 
K  Aquarii.. 
n  Aquarii. . 
226  B  Ccplici 


1877,  September. 


October. 


P.D.Z.D. 

o  o 
.  79  +30 
.  18  -31 
.45-4  .. 

.  99  +50 
.49  0 

.  10  -39  .. 

.  5  2  4-  3  .. 

.  00  -f-11 
.  28  -21  .. 

.  71  +-21  .. 

.  96  -f47  -.02  W. 
.  20  -29  +.00 
.  98  +  49  .. 

.  81  +-31 +.02AV. 
.  19  -30  -.05  W. 
.  17  -32  -.01  E. 

.  91+42  rej. 

.  98  +-49  -.01  ] 

.  89  +-40  .. 

.  91  +-41  •- 

.  14  -35 


26  27  29  '  1 

5 

+  .01W.  .. 

-1  .07  W.  . . 

+  .06  E.  -.low.  .. 

-.06  E.  -.(ME. 

-.01  E . 

.. 

-.05  E. 

-.07  E. 

+-.04  W. +.15  E.  +.05  E. 

+  .06  E. 

+-.04AV.  ..  +-.05E. 

+  .03  E. 

-.06  W.  ..  -.10  E. 

-.04  W. 

rcj. 

-.02  W. 

-.09W. 

-.05  AV. 

-1-.08W.  .. 

+-.07  AV. 

+-.11W.  .. 

.  ..  ..  -.05  AV.  .. 

•• 

+-.05W. 

-.01 

W.  .. 

—.01 

w.  .. 

-.01 

K. 

-.05  E. 

(b’tober. 

P.D.Z.D.  5 
o  o 

o  Orionia .  83  +-33  —  .03  W. 

22  H  Cainelop _  21  —  29  +.03  W. 

^  Gemiuoruni....  67  +-18  — .06W. 

y  (Tcmiiiornm _  73  +-24  +.22  E. 

a  Can ia  Melons..  107  +-57  — .19  E. 
51  JI  Cepbei .  3  —46  .00  E. 


Imtruinental  conistants. 

Level  constant.  Azimuth.  Collinmtion. 


Seiitember  25 

-0.88  W.  -0.80  E. 

+0.53 

-0.03 

26 

+0.30  W.  +0.38  E. 

+0.31 

-0.03 

27 

+0.33  W.  +0.47  E. 

+0.42 

+  0.16 

29 

+0.41  AV.  +0.4!)  E. 

+  0.39 

+0.16 

October  1 

+0.44  AV.  +0.50  E. 

+0.33 

+0.10 

5 

+0.57  AV.  +0.62  E. 

+0.23 

+0.14 

5 

+0.62  AV.  +0.65  E. 

+0.48 

+  0.02 

B.  Ex.  37 - 28 
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Comparison  of  chronometers, 

Secoiuls  of  OXCC88  of  Bond  &  Son  380  ove 


Hutton  202. 

Negus  158‘9. 

Negus  1591 
reduced. 

1877.  * 

8. 

8. 

8. 

September  18.29 

33.80 

30.40 

21.38 

43.23 

52.43 

22.36 

48.26 

50.45 

23.26 

53.30 

48.91 

24.38 

59.88 

46.93 

Chronometer  ran  down. 

25.41 

5.53 

15.20 

26.32 

10.99 

14.28 

26.52 

11.96 

14.01 

27.32 

16.80 

13.23 

27.44 

17.46 

13.13 

27.61 

29.34 

28.62 

11.17 

25.22 

29.77 

.30.68 

10.27 

24.45 

29.83 

30.98 

10.17 

24.43 

October  1.34 

37.29 

7.34 

23.34 

1.43 

39.82 

7.21 

23.31 

1.73 

41.71 

6.92 

23.35 

1.79 

42.20 

6.89 

23.38 

3.33 

51.54 

5.41 

3.57 

53.96 

5.11 

23.71 

3.80 

54.55 

4.83 

23.71 

5.32 

4.41 

2.68 

23.27 

5.76 

6.89 

1.79 

23.12 

Tirae-observatioiis  for  the  cxperimciihs  at  various  pressures  with  heavy  end  up  were  made, 
1877,  November  80  to  December  24,  inclusive.  The  chronometer  used  was  Bond  and  Sons  380. 
In  reducing  these  observations,  tlie  value  of  the  azimuth  was  taken  diiferent  in  the  two  positions 
of  the  transit-instrument,  and  the  observations  of  single  stars  received  weights  varying  with  the 
declination,  in  accordance  with  the  latest  recouimendatioiis  of  the  Computing  Division. 


1877,  December. 

December. 

November.  , 

December. 

P.  D.  Z.D.  2 

P. 

D.  Z.d" 

16  24 

P.D.  Z.D. 

30  3 

10 

23 

O  0 

o  o 

I 

o  o 

K  Aqiiarli... 

...  89-f40  -.03E. 

a  Pegasi . 

75  +2C 

-.08  E. 

o  Piseiiun  .. 

..  81  +32 

-.06  W. 

1)  Aquarii... 

...  91  +41  -f  .03  E. 

o  Ccplioi . 

23  -27 

.00  E. 

j8  Aiietis  ... 

. .  70  +21 

-.09  VV'. 

+.06  W. 

>26  B  Cephei 

...  14  -35  4-.02E. 

0  Piacium - 

84  +35 

+.25  E. 

50  Cntwiepea* 

..  18  -31 

-.06W. 

.00  W. 

i  Pepasi . . . . 

...  80  +31  +.01  W. 

t  Piscium  .... 

85  +36 

-.01  W.  .00  W. 

o  Ariotis  ... 

..  67  +18 

-.02  E. 

t  Ceplud.... 

...  24  -  25  .00 W. 

y  Cephei  . 

13  -36 +.11  W.+.03  W.  1 

fiCeti . 

. .  82  +32 

-I-.12E.  +.10  W. 

+  .01  E. 

A  Aqnarii... 

...  98  +49  -.01  W. 

Gr.  4163 . 

16  -33 

-.11  W.  -.09  W. 

1  Ca88iei)ea 

..  23  -26 

-.03  E.  +.14  E. 

-.01  E. 

w  Piw'iuin . 

84  +35  + .  03  V\  .  + .  (1 1  V\  .  j 

Y  Cell . 

. .  87  +38 

-.10  E.  +.01  E. 

a  Aiulroiiieda*  . 

62  +12 

+.21  E. 

a  Ceti . 

. .  86  +37 

-.09  W.  .. 

-.01  E. 

Y  Pega.si . . 

76  +26 

-.20  E. 

48  H  Cephei. 

..  13  -37 

-.06  E. 

a  Cassiepew  . . . 

34  -15 

.00  E.  . . 

^  Anetis  ... 

. .  69  +20 

-.05  E. 

.00  E. 

December. 

a  Persei _ 

..  41-9 

.00  E. 

P.D.  Z.D.  7 

9  12  14  17  20 

'  1)  Tauri .  ..  66  +17  +.06  W.  .. 

+.05  W.  . . 

yTanri . 

.  75 +25 -.08  E. 

1  4  Peraei .  58  +  9 

-.02  W.  .. 

e  Tauri . 

71  +22  +.04  E. 

YiEi-idaiii . 104  +55 

.01  W.  . . 

a  Tauri . 

.  74  4  24 +.04  E. 

.00  W.  ..  +.04E.  +.01E. 

9  Camolop . . 

.  24  -25  .  00  E. 

.00  W.  +.01  W.  +.04  E.  +.02  E. 

t  Anrigm . . . 

.  57  4-  8-.01  W 

-.OIW.— .06W. -.09E.  -.01  E. 

December. 

November. 

11  Orionia  . . . 

.  75  +26  . . 

+.08  E.  +.07  W.  .00W.+.08W.  .. 

P.D.  Z.D.  22 

P.D.  Z.D.  30 

a  Aurigio. .. 

.44-5 

.00  E.  - .04  E.  +.02  W.  -  .04  W.  . . 

o  o 

o  o 

S  Orionia  . . . 

.  98  4-49 

— .08E.  -.03E.  +.02W. -.05W.  .. 

5  Geminorum.  68  +19  —.13  E. 

1  Leonis . . . 

.  79  +30  .OOW. 

Tauri . 

.  61  +12 

+.07  E.  ..  ..  +.02  W. 

'  P.  VJl  67  .  21  -28  -.01  E. 

o  Ursa)  Mig 

.  28  -22+.05W. 

Gr.966 . 

.15-34 

+.01 W. 

a  Geminolnim.  58  +  9 +.11  E. 

6  Leonis  . . . 

69  +20  -.0|W. 

6  Orionis  . . . 

.904-41 

.00  W. 

a  Canis  Miu  . .  84  +35  —.23  W. 

3  Crateris  . 

.104  +55+.12E. 

«  Orionis  . . . 

.83+33 

. +.12  lE. 

d  Geminorum.  62  +12+.16W. 

A  Draconis. 

.  20  -  29-.03E. 

22  H  Camelop 

.  21  -29 

‘  -.01  E. 

4>  Geminorum.  63  +14  +.05  W. 

V  Leonis . . . 

.  90  -HI  -.lOE. 

H  Geminorum .  67  +18 

. -.14  E. 

3H  Ursffi  Mty  ..  21  -28  -|-.02W. 
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Instrument  constants. 


Level  constant.  Azimuth.  Collimation. 


1877. 

^ - A - 

- - - 

- - 

November  30 

-0.03  W.  -0.01 

E. 

+0.15 

+0.02 

30 

-0.08  W.  -0.04 

E. 

-0.07 

+0.01 

December  2 

-0.05  W.  0.00 

E. 

-0.24  W. 

+0.21  E. 

0.00 

3 

-0.13  W.  -0.08 

E. 

+0.35 

+0.05 

7 

-0.08  W.  -0.05 

E. 

+0.04 

+0.09 

9 

-0.07  W.  -0.04 

E. 

+0.35  W. 

+0.03  E. 

-0.14 

10 

-0.17  W.  -0.07 

E. 

-0.02  W. 

-0.20  E. 

+0.12 

12 

-0.12  W.  -0.03 

E. 

-0.09  W. 

+0.08  E. 

—0.02 

14 

— 0.06W.  -0.02 

E. 

+0.04  W. 

-0.36  E. 

+0.13 

16 

-0.14  W.  -0.03 

E. 

-0.12  W. 

-0.76  E. 

+0.11 

17 

-0.19  W.  -0.10 

E. 

-0.23 

+0.14 

20 

-0.01  W.  +0.01 

E. 

-0.06  W. 

+0.15  E. 

+0.15 

22 

-0.06  W.  +0.04 

E. 

0.00  W. 

+0.19  E. 

+0.19 

23 

+0.04  W.  +0.07 

E.  . 

+0.34  AV. 

-0.01  E. 

+0.13 

24 

+0.02^W.  +0.03 

E. 

-0.02 

+0.06 

Comparison  of  chronometers. 

Seconds  of  excess  of  Bond  &  Sons  380  over 

Hutton  20*2. 

1877.  S. 

Negns  1589. 

S. 

Negus  1591, 
reduced. 

S. 

November  30.50 

37.41 

19.77 

10.26 

30.80 

38.61 

18.86  ^ 

9.89 

December  2.27 

44.11 

13.28  ^ 

7.62 

3.43 

48.19 

8.90 

6.15 

4.45 

52.19 

5.31 

4.68 

7.57 

5.06 

54.87 

0.87 

8.37 

8.64 

51.84 

59.78 

8.8C 

10.66 

50.31 

59.23 

• 

9.43 

12.85 

48.35 

58.26 

10.47 

16.59 

44.70 

57.07 

10.83 

17.96 

43.50 

56.73 

12.46 

24.70 

38.37 

55.01 

12.79 

26.11 

37.41 

54.70 

14.44 

32.72 

32.13 

52.92 

14.81 

34.19 

30.88 

52.50 

16.22 

39.30 

25.99 

51.00 

16.51 

40.38 

25.01 

50.26 

17.43 

43.82 

21.90 

49.17 

17.79 

45.10 

20.70 

48.78 

19.52 

51.21 

14.70 

46.60 

19.82 

52.38 

13.71 

46.31 

20.47 

54.90 

11.48 

45.59 

22.53 

2.15 

3.88 

42.14 

22.85 

3.47 

2.84 

41.68 

23.17 

4.61 

1.70 

41.21 

23.51 

5.83 

0.49 

40.68 

24.19 

8.15 

57.76 

39.29 
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The  tirnc  ohservations  for  the  experiments  at  high  temperatures  and  for  the  investigations  to 
determine  if  the  ehronometers  had  any  diurnal  inequality  of  rate  extended  from  187S,  February  19  to 
May  23  inclusive.  The  observation  of  May  21  is  not  reduced  :  on  account  of  the  disconlauce  of  the 
separate  stars,  no  values  lor  the  time-correction  and  instrumental  constants  were  resolved  upon. 


1878,  February 


Febniary.  Mareh.  April. 


P.  D.  Z.D.  24 

P.D.  Z.D. 

19  27  5  '  2  14 

•>  o 

o  o 

a 

Orionis . 

.  83  +33  -.03  E. 

1  Uim*  Majoiis  . 

41-8 

+.08  W. 

22 

H  Caiiiclop  . . 

.  21  -29  -.02  E. 

o-jUrsa*  Mi\joris  . 

22  -27 

-.low.  ..  .00  W. 

(Jcininonini.. 

.  07  +18  +.01  E. 

K  Cancri . 

79  +30 

4-.01W.  ..  .00  AV.  .. 

y 

Geniiiiornm. . 

.  73  +24  +.02  W. 

1  U  Draconis - 

8  -41 

-.OlE.  -.12  E.  -.25  E.  +.23  W 

a 

CnniM  Majoris 

.  107  +57  -.01  W. 

•  a  Hvdrw . 

98  +49+.05  W. -.02  E.  -.02  E.  -.10  E.  +.02  W 

51 

II  Cephei . 

.  3  -40+.07  W. 

d  rrsje  Mjyoris  . 

20  -30 

.00W.  +.05E.  +.14  E.  +.15  E.  +.19  W 

0  Ursai  Mjvjoris  . 

.38  -11  +.01  W.  -.02  E.  -.02  E.  +.08  E.  -.15  W 

[  c  Leonis . 

66  +16 

-.06  W.  ..  +.02  W.  ..  -.09  E. 

p.  Leonis . 

63  +14 +.10  E.  +.02  W.  ..  +.07  E. 

a  Leonis . 

77  +28 

-.10  E.  ..  -.06  W.  .. 

32  Ursaj  Mjvjoris  . 

24  -25 

-.OlE.  .  .00  W. 

March.  April.  May. 

P.D.  Z.D.  19  ~29  '  6  18  5 

o  o 

Yi  Loonia .  69  +20  —.01  W. 

9  U  Drncoiiis....  14  -36  .00  W.  ..  -.01 W.  .. 

p  Lconis .  80 +31 -.low.  ..  .00 W.  .. 

i  Lconia .  79  +30 +.11  W. -.01  E.  .00  E. 

a  Ursa*.  Majoria  .  28  -22  .00  E.  .00  E.  .00  E.  +.06  E. 

5  Leon  is _  69  +20  .00  E.  +.02  E.  ..  +.03  E.  +.03  E. 

«  Crateris .  104  +55  ..  +.09W.  ..  -.09E.  -.03E. 

T  Leonis .  86  +37  -.09  W.  ..  +.nW.+.01E. 

A  Dracouis .  20  —29  +.02  W.  ..  -.06W. -.OlE. 

V  Leonis .  90  +41  ..  -.06W. -.OIW. 

Leonis .  75  +25  ..  ..  ..  ..  +.01 W. 

Y  UrsaD  Majoris .  36  —14  ..  ..  ..  — .03W. 


1878,  April.  May. 


P.  D.  Z.D. 

3 

8 

2 

6 

8 

9 

10 

11 

13 

13 

22 

23 

Leonis . T. . 

....  75+25 

-.01 

E. 

Y  Ursas  Majoris . 

....  36  -14 

.00 

E. 

0  Virginia . 

. . . .  81  +31 

-.04 

W. 

.00 

E. 

4  H  Draconis . 

....  12  -38 

-.03 

w. 

-.01 

E, 

7)  Virginia . 

....  90  +41 

W. 

.00 

E. 

ij  Corvi . 

....  113+63 

+  .09 

w. 

+  .03 

AV. 

K  Draconis . 

....  20  -30 

+. 

W. 

32  HjCamelop . 

....  6  -43 

-1.06 

E. 

+.01  W. 

12  Canum  Von . 

....  51+2 

-.32 

E. 

+.01  W. 

-.01 

AV. 

8  Virginia . 

....  95  +46 

+.01 

E. 

+-.04 

E. 

-.05  W. 

+.06 

E. 

a  Urs®  Min.(L.C.). . . 

. -1  -51 

-.05 

E. 

a  Virginia . 

....  101  +51 

+  .04 

E. 

+.03  E. 

-.02 

E. 

-.12 

E. 

-.03 

AV. 

i  Virginia . 

....  90  +41 

-.03 

W. 

+  .05  E. 

+.02 

E. 

+.05 

E. 

+.04 

W. 

n  Urs®  Maoris . 

....  40  —  9 

+  .01 

W. 

.00  E. 

.00 

E. 

-.01 

E. 

-.01 

AV. 

1?  Boot® . 

....  71  +22 

+  .08 

W. 

+.02 

W. 

+  .05 

E. 

a  Draconis . 

.  25  -24 

+  .01 

W. 

+  .01 

W. 

+.02 

E. 

o  Boot® . 

.  70+21 

-.06 

W. 

-.01 

AV. 

-.04 

E. 

9  Boot® . 

....  38-12 

+.11  W. 

5  Urs®  Minoris . 

.  14  -35 

-.13  W. 

c  Boot® . 

.  62  +13 

-.06  W. 

o^Libr® .  . 

.  106  +56 

-.03  E. 

8  Urs®  Minoris . 

.  15-34 

-.01 

W. 

+  .03  E. 

8  Boot® . 

.  49  0 

-.03  E. 

fi  Libr® . 

.  99  +50 

. 

-.02 

w. 

.00 

w. 

Pi  Boot® . 

.  52  +  3 

+.02 

E.  + 

.01 

E. 

-.02 

AV. 

YfUrsffi  Minoris . . 

_  18  -32 

.00 

E. 

.00 

E. 

+.01 

W. 

a  Coron® . 

.  63  +14 

+  .05 

E. 

.00 

E. 

+.07 

E. 

• 

a  Serpentis . 

.  83+34 

-.07 

E.  - 

.06 

W, 

,+.05 

E. 

€  Serpentis . 

.  85  +36 

+ 

.07 

AV. 

-.09 

E. 

i  Urs®  Minoris . 

.  12-37 

.. 

.01 

W. 

.00 

£. 
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Instrumental  constants. 


isre. 

Level  constant. 

Azinmtli. 

Colliniatiu 

February  19 

'  +0.17  W.  +0.23  E. 

+0.25  W.  -0.22  K. 

+0.11 

24 

+0.74  W.  +0.84  E. 

-0.13  W.  -0.38  E. 

+0.12 

27 

+0.72  W.  +0.80  E. 

-0.37 

+0.13 

March 

5 

+0.78  W.  +0.78  E. 

+0.15  W.  -0.25  E. 

+0.07 

19 

+0.80  W.  +0.04  E. 

-0.31  W.  +0.22  E. 

+  0.03 

29 

+0.8.1  W.  +0.07  E. 

+  0.24  W.  -0.38  E. 

+0.09 

April 

2 

+0.78  W.  +0.82  E. 

-0.41  W.  -0.22  E. 

+  0.12 

3 

+0.73  W.  +0.87  E. 

_0.17  W.  -0.47  E. 

+  0.18 

(i 

+0.70  W.  +0.88  E. 

-0.21  W.  -0.02  E. 

+0.00 

8 

+0.70  W.  +0.00  E. 

-0.22 

+0.22 

14 

+0.86  \V.  +0.00  E. 

-0.08 

+0.19 

18 

+0.87  AV.  +0.03  E. 

-0.08 

+0.17 

May 

2 

-0.24  AV.  -0.14  E. 

-0.05 

+0.20 

5 

-0.01  AV.  +0.02  E. 

-0.27  W.  -0.09  E. 

+0.05 

6 

-0.12  AV.  -0.07  E. 

-0.04  W.  -0.33  E. 

+0.02 

8 

-0.21  AV.  -0.13  E. 

-0.02 

+  0.04 

9 

-0.08  W.  -0.02  E. 

+0.17  W.  +0.04  E. 

-0.04 

10 

_0.04  AV.  -0.01  E. 

4.0.03  W.  -0.30  E. 

+  0.15 

11 

-0.00  AV.  +0.04  E. 

+0.21  W.  +0.03  E. 

+0.03 

13 

-0.12  AV.  -0.10  E. 

+0.21 

-0.04 

13 

-0.14  AA'.  -0.04  E. 

+  0.00 

—0.08 

21 

-0..32  AV.  -0.20  E. 

22 

-0.21  AA^  -0.11  E. 

+0.11  W.  -0.21  E. 

+0.05 

23 

-0.25  AV.  -0.17  E. 

-0.18 

+0.11 

Comparisons  of  chronometers. 


Seconds  of  excess  of  Bond  &  Sous  3.^0  over 


Hut  Bin  2th>. 

Ne^us  1,")S9. 

N(“gn8  1591, 

1878. 

8, 

8. 

reduced. 

S. 

February  19.52 
24.30 

55.83 

39.39 

35.72 

51.07 

27.43 

11.50 

29.28 

March  5.42 

37.50 

11.89 

34.74 

19.48 

39.72 

40.0(> 

11.42 

29.40 

31.03 

21.40 

59.94 

April  2.38 

47.05 

24.9(» 

55.35 

3.40 

52.44 

12.15 

54.11 

0.43 

10.12 

7.39 

51.55 

8.48 

17.31 

0.39 

45.74 

14.31 

49.18 

51.02 

41.22 

18.43 

10.36 

40.14 

38.95 

24.42 

35.01 

34.73 

20.37 

42.60 

37.98 

32.70 

26.54 

43.33 

37.21 

32.56 

30.37 

4.39 

32.90 

29.87 

30.63 

5.89 

32.09 

29.83 

May  1.16 

8.80 

32.10 

29.57 

1.38 

13.30 

31.15 

29.13 

2.16 

14.26 

30.90 

2.35 

15.27 

30.76 

30.95 

2.94 

18.32 

30.21 

28.71 

4.02 

23.99 

29.38 

28.67 
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Excess  of  Bond  &  Sons  380  over 


■8. 

Hutton  202. 

Negus  1589. 

Negus  1591 
reduced. 

8. 

8, 

8. 

4.21 

24.05 

20.17 

28.60 

4.30 

25.85 

20.(M) 

28.41 

4.48 

26.38 

28.02 

28.30 

5.34 

30.61 

28.18 

28.33 

5.47 

31.24 

28.05 

28.16 

5.01 

33.30 

27.65 

28.07 

5.00 

33.73 

27.53 

28.00 

ti.18 

34.58 

27.33 

27.01 

(i.4G 

35.88 

27.05 

28.74 

6.54 

36.23 

28.13 

28.02 

6.07 

38.42 

28.00 

28.78 

7.20 

30.85 

20.43 

28.50 

7.06 

44.50 

28.50 

28.32 

8.20 

45.04 

28.30 

28.23 

8.36 

46.85 

28.13 

28.20 

8.40 

47.66 

27.00 

28.16 

8.08 

50.53 

27.37 

28.06 

0.18 

51.66 

27.01 

27.06 

0.48 

53.35 

26.64 

28.56 

0.00 

56.15 

25.00 

28.37 

10.30 

58.23 

25.18 

28.13 

10.50 

58.81 

24.00 

28.10 

11.00 

1.30 

24.03 

27.60 

11.38 

3.24 

23.25 

27.36 

11.48 

3.70 

23.04 

27.27 

13.30 

11.24 

10.02 

25.56 

13.50 

11.64 

18.70 

25.46 

16.87 

23.84 

11.25 

22.11 

Diu’iiig  all  the  i)eii(liiliim-exi)eriuicnts,  except]  those  of  September  and  October  in  1877,  the 
chronometers  were  wound  at  two  ditterent  times  of  day, 

Hutton  202  and  Bond  &  Sons  380  at  about  8  a.  m.,  and 
Negus  1580  and  1591  at  4  to  5  p.  m. 

A  series  of  special  comx)arisons  between  these  chronometers  was  made  after  the  completion  of 
the  pendulum- work,  to  asceilain  if  any  diurnal  coiTection,  consequent  on  the  time  of  winding, 
existed.  It  will  be  seen  from  the  following  table,  and  the  illustration  hereafter  to  be  explained, 
that  there  is  no  such  correction  to  be  found. 


Digitized  by  i^ooQle 


THE  UNITED  STATES  COAST  SURVEY. 


223 


Comparison  of  chronometers. 

Seconds  of  excess  of  Bond  Sc  Sons  'dBO  over 
lintton  202.  Negns  15HI).  Negus  l.^)91, 

reduced. 


1878. 

8. 

s. 

8. 

May  16.87 

23.84 

11.25 

22.11 

21.41 

42.63 

3.19 

19.09 

21.48 

42.96 

3.10 

19.07 

21.89 

44.94 

2.58 

18.97 

22.01 

45.70 

2.36 

18.86 

22.15 

46.52 

2.14 

18.77 

22.23 

46.99 

2.01 

18.72 

22.36 

47.80 

1.80 

18.64 

22.47 

48.44 

1.64 

18.59 

22.80 

50.76 

0.97 

18.38 

23.02 

51.41 

0.72 

18.26 

23.13 

51.98 

0.54 

18.20 

23.23 

52.50 

0.39 

'18.12 

23.37 

53.39 

0.16 

18.03 

23.49 

54.14 

59.98 

17.94 

23.90 

56.59 

59.26 

17.71 

24.02 

57.22 

59.06 

17.66 

24.13 

57.86 

58.89 

17.61 

24.22 

58.06 

58.54 

17.33 

24.36 

58.14 

57.54 

16.47 

24.47 

58.19 

56.75 

15.79 

24.88 

0.47 

5,6.10 

15.61 

25.02 

1.21 

55.87 

15.51 

25.12 

1.79 

55.73 

15.44 

25.22 

2.34 

55.60 

15.40 

25.36 

3.15 

55.44 

15.34 

25.49 

3.92 

55.30 

15.31 

26.90 

12.35 

53.77 

14.88 

27.02 

13.02 

53.61 

14.82 

27.19 

13.97 

53.43 

14.77 

Bates  of  chronometers  graphically  represented, 

llliistriitiona  Nos.  31,  32,  33,  34,  <aii(l  35  sliow  these  (‘oraparisons,  ^vith  the  corrections  of  the 
cliroiionieters,  as  graphically  represented.  From  the  (comparisons  made  at  the  time  of  the  transit- 
observatioiis,  the  correction  of  each  chronometer  is  deduced ;  an  approximate  mean  uniform  rate  is 
then  ai>i>liecl  to  each,  and  the  excess  of  the  correction  over  tins  mean  rate  plotted.  It  is  then  deter- 
iiiiueH  by  inspection  which  chronometer  is  going  most  nearly  uniformly,  between  one  set  of  star- 
observations  and  the  next,  and  this  chronometer  is  taken  as  a  standard.  The  rat(^s  of  the  other 
eliTOiioineters,  from  comparison  to  comparison,  are  taken  as  given  by  the  supposition  of  its  entire 
nniforinity-  Tlie  comparisons  imule  a  few  hours  apart,  at  the  beginning  and  end  of  each  day’s  pen- 
«liiliini-work,  are  not  combined  for  a  definitive  rate  of  the  chronometer  used,  however;  their  chi(^f 
KiTvice  is  in  guarding  against  any  sudden  chang(‘  of  rate.  The  comparisons  made  at  the  time  of 
the  star-observations  are  distinguished  by  a  cii'cle  on  the  illustrations. 
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1877.  Experiments  in  June,  Illustration  No,  81. — The  cliroiioineter  whose  rate  was  most  nearly 
uniform  during  this  month  was  found  to  be  different  at  difterent  times.  The  following  were  found 
to  be  best  in  this  respect: 

clironoiiu*tor. 

June  1  to  14  202 


14  to  16  380 
16  to  19  1589 
19  to  22  1591 


22  to  29  1589 


The  subjoined  table  gives  the  rales  adopted  for  the  chronometers  used  in  the  experiments,  as 
found  on  these  assumptions : 


Cbroiioinotor  used.  Kate  in  secoinlH.  In  docimals  of  a  day. 


June  11 

380 

-0.49 

.00000057 

11 

202 

+0.81 

+ 

094 

14 

387 

-2.49 

— 

288 

15 

380 

-0.59 

— 

068 

16 

380 

-0.59 

— 

068 

17 

202 

+  1.23 

+ 

142 

19 

202 

+2.07 

+ 

240 

20 

202 

+2.07 

+ 

240 

22 

202 

+2.90 

+ 

336 

29 

202 

+3.68 

+ 

426 

]877.  Experiments  in  September  and  October,  Illustration  No,  32. — A  uniform  rate  of  — 0*.91  for 
chronometer  1589  from  the  beginning  to  th(‘  end  of  the  exi)eriments  was  tiiken,  and  the  following 
rates  of  the  chronometer  used  (No.  380)  during  each  night  of  pendulum-work  thus  deduced. 


Kat 

V  in  aecniul.H. 

Rat<‘  in  doriinals  of  a  d.ay. 

September  25 

S, 

+0.11 

+  .0000013 

26 

+0.11 

013 

27 

+0.11 

013 

29 

+  1.10 

128 

October  1 

+0.08 

009 

3 

+  0.08 

009 

5 

+  1.11 

129 

1877.  Experiments  in  Bceember.  Illustration  No.  33. — Chronometer  202  was  found  to  have  a 
uniform  rate  of  -f7*.225  from  the  lK‘ginning  until  Ihu  ember  11.7,  then  a  uniform  rate  of  +6®.813 
until  the  transit-observations  of  tlie  20th.  After  the  20th,  No.  380  was  itself  ado])ted  as  the 
standanl. 

liaU’  of  chr’onometcr  :W0. 


Noveml)er 

l)ec(‘in])er 


n. 

Decimal  of  a  day 

30 

+3.17 

+  .(H)00307  ' 

4 

3.19 

369 

8 

3.05 

353 

10 

3.36 

389 

12 

2.45 

283 

14 

2.84 

329 

16 

3.08 

356 

17 

3.25 

376 

19 

2.89 

335 

22 

3.51 

406 

23 

3.51 

406 
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1878.  Expe^nments  in  April  and  May,  Illmtration  Ab.  34. — Before  heating  up  the  room  in 
which  the  penduliun  was  swung  tlie  chronometers  were  moved  outside,  to  a  idace  which  Avas  not  so 
favorable  in  uniformity  of  temperature  and  in  otlier  respects.  Tbeir  rates  were  therefore  not  so 
good  as  they  Inrd  previously  been.  Chronometer  1589  was  taken  as  the  standard,  and  supposed  to 
mil  uniformly  until  the  2d,  and  from  the  2d  to  the  5th  of  May.  Between  the  5th  and  the  9th  there 
were  evidently  two  changes  of  rate ;  the  times  when  these  occurred  were  determined  from  the  CvOm- 
parisons  with  the  otlier  chronometers.  Tlie  rate  was  uniform  again  from  the  9th  to  the  13th. 


April 

May 


Rato  of  1589. 

18.43 

to 

32.35 

8, 

+1.036 

2.35 

to 

6.18 

+1.29 

6.18 

to 

7.20 

-2.52 

7.20 

to 

13.50 

+1.667 

The  rates  of  No.  389  during  the  nights  of  pendulum- work  were  then  found  to  be — 


Rato  ill  seconds.  In  decimals  of  a  day. 


April  24 

+0.07 

+  .0000008 

26 

+0.07 

+ 

008 

30 

-0.08 

— 

009 

May  2 

-0.39 

— 

045 

4 

-0.39 

— 

045 

5 

-0.39 

— 

045 

6 

+0.47 

+ 

054 

8 

-0.51 

— 

059 

10 

+0.24 

+ 

028 

11 

+0.24 

+ 

028 

CORRECTION  FOB  ARC. 


The  factor  for  reducing  the  time  of  oscillation  of  the  pendulum  to  an  infinitesimal  arc  is  best 
developed  according  to  powers  of  the  arc  itself.  Such  a  development  is  fiir  more  convergent  than 
those  found  in  the  hooks.  The  factor  is 


1- 


04 


A^  + 


49152 


A^  - 


1179048 


A®  +  etc., 


where  A  represents  the  whole  amplitude  of  the  oscillation  expressed  in  parts  of  the  radius. 

The  Repsold  pendulum  tripod  is  ])rovided  with  a  metalhc  arc  for  reading  the  amplitude  of 
oscillation.  Tliis  is  divided  into  spaces  of  10'  each.  In  the  experiments  on  the  Geneva  support  an 
arc  divided  into  thousandths  of  the  riulius  was  made  use  of. 

At  Geneva,  the  amplitude  was  read  by  bringing  the  vertical  wire  of  the  telescope  so  as  to  bisect 
the  point  of  the  pendulum  at  the  extremity  of  an  oscillation,  the  wire  having  been  turned  in  a  direc¬ 
tion  radial  from  the  line  of  the  knife-edge.  The  time  was  noted  and  the  position  of  the  wire  between 
two  lines  of  the  graduated  arc  was  estimated  at  leisure.  At  the  other  stations  a  far  better  method 
was  u.sed.  The  wire  was  placed  in  exact  coincidence  with  a  line  of  the  graduated  arc  and  the  time 
was  noted  at  Avhi(*h  the  pendulum  was  bisected  by  it  at  the  extremity  of  its  oscillation.  The  arc 
was  so  placcMl  that  its  zero  was  1'  or  2'  aAvay  from  the  vertical,  so  as  to  permit  the  observation  to 
lx*  made  both  to  the  right  and  the  left. 

S.  Ex.  37 - 29 
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The  Geneva  observations  of  arc  were  plotted  on  a  curve  for  each  experiment.  Then  values  of 
the  arc  were  read  off  at  six  equal  intervals  betw  een  ever^-  two  sets  of  pendulum-transits.  These 
values  w  ere  squared,  and  the  mean  square  was  obtained  by  Mr.  Weddle’s  rule — 

Wo  +  ih  +  W4  +  Wc  +  5  (iq  +  1/^)  +  G  t/3 

To  obtain  the  correction  for  arc  at  Paris,  Berlin,  and  Kew,  the  first  step  w  as  to  tabulate  the 
times  of  decrement  from  a  fixed  value  of  the  arc  to  each  of  the  others  for  all  cases  in  which  there 
were  good  observations  both  to  the  right  and  to  the  left.  The  following  tables  show* — first,  the 
minute  and  second  at  which  the  pendulum  w  as  observed  to  reacii  each  amplitude,  and,  second,  the 
differences  of  the  times  from  those  of  reaching  the  arc  of  10'  on  each  side  of  the  vertical. 
A  colon  signifies  that  the  observation  to  which  it  is  attached  was  noted  as  poor  at  the  time. 
Brackets  inclose  numbers  derived  from  observations  made  only  to  the  right  or  only  to  the  left,  in 
the  manner  described  below.  In  the  second  table  a  star  show  s  that  the  time  of  reaching  10'  w  as 
not  observed,  but  was  deduced  from  the  time  of  reaching  some  other  arc,  the  observation  of  which 
is  therefore  omitted  and  a  star  pu:  in  its  plate. 


Table  shmcing  the  minutes  and  t.eeonds  of  the  times  of  reaching  the  different  half  amplitudes, 

PARIS. 

HEAVY  END  tJP. 


Jan.  26. 

Jan.  28. 

Jan.  29. 

Jan.  29. 

Feb.  2. 

Feb.  4. 

Feb.  9. 

Feb.  14. 

Feb.  21. 

Feb.  22. 

0  / 

2  20 

10 

00 

1  50 

40 

30 

20 

10 

00 

0  50 

40 

30 

m.  9. 

m.  8. 

m.  8. 

m.  8. 

7ft.  8. 

m.  8. 

r».  8. 

m.  8. 

Tft.  8. 

6  17 

m.  8. 

21: 

39  53 

59  32 

13  29 

56  20 

59  13 

62  42 

[42  23] 

46  4 

34  36 

38  7 

. 

[51  35] 

55  25 

47  20 

50  56 

25  10 

29  2 

6  .56 

10  27 

18  51  j 
22  27 

52  24 

55  59 

55  39 

62  54 

72  41 

79  32 

64  38 

71  44 

60  49 

67  52 

38  40 

45  38 

32  ,34 

39  30 

27  12 

37  44: 

72  20 

HEAVY  END  DOWN. 


Jan.  26. 

Jan.  28. 

Feb.  2. 

Feb.  2. 

Feb.  3. 

Feb.  4. 

Feb.  9. 

Feb.  14. 

Feb.  21. 

Feb.  22. 

0  / 

m.  8. 

7«.  8. 

7ft.  «. 

m.  8. 

Tft.  8. 

7ft.  8. 

7ft.  8. 

7».  8. 

7ft.  8. 

m.  8. 

2  20 

10 

32  25 : 

15  31 

00 

1  50 

30  20 

39  56: 

32  7 

53  48 

25  53 

23  32 

52  36 

40 

35  1: 

44  37 

30  48 

58  28 

30  39 

51  39 

28  23 

57  33 

30 

25  42 : 

20 

47  9 

56  55: 

[48  51]  1 

70  17 

.32  6 

42  6 

63  47 

44  47 

40  45 

69  25 

10 

55  58 

77  52 

40  0 

49  25 

72  3 

49  3 

78  16: 

00 

48  48 

62  57 

58  .54 

0  50 

77  17 

85  52 

99  00 

59  46 

69  6 

94  41 

75  15 

71  37 

101  2 

40 

91  28 

101  49 

115  13 

74  15 

82  29 

110  49: 

91  47 

87  7: 

117  20 

30 

94  2 

132  8 

109  21 

% 

1 
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Table  ahowipig  the  minutes  and  seconds  of  the  times  of  reaching  the  different  half -amplitudes — Continued 

BERLIN. 

HEAVY  END  UP. 


Apr.  20. 

Apr.  24. 

Apr.  25. 

Apr.  26. 

Apr.  2a 

Apr.  29. 

Apr.  30. 

May  2. 

June  1 

Junes. 

1  June  3. 

June  4. 

Junes. 

J  une  5. 

o 

•2 

20 

m.  9. 

35  38 

m.  9. 

tn.  8. 

36  58 

m.  8. 

m.  8. 

m.  8. 

m.  8. 

53  55 

m.  8. 

m.  8. 

m.  8. 

m.  8. 

m.  8. 

m.  8. 

m.  8. 

10 

00 

. .1 

1 

50 

■  i 

40 

42  47 

43  52 

60  61 

30 

20 

48  8 

48  00 

49  27 

34  41 

57  57 

66  10 

17  17 

10 

00 

51  46 

[51  38] 

53  00 

[36  32] 

38  17: 

[61  35] 

[69  41] 

20  55 

25  55 

40  36 

11  23  j 

2  29 

58  43 

30  44 

0 

50 

61  40 

61  19 

46  11 

48  00 

71  16 

79  15 

30  15 

40 

78  35 

68  26 

60  41 

53  23 

85  50 

36  50 

. 

..  J  • 

30 

88  42 

79  36 

[52  19] 

67  2  j 

(37  4)  j 

[29  40j 

[85  40] 

[57  29] 

HEAVY  END  DOWN. 


Apr.  19. 

Apr.  20. 

Apr.  24. 

Apr.  25. 

Apr.  26. 

Apr.  28. 

Apr.  29. 

Ajir.  30. 

May  2. 

May  4. 

Junel. 

Juno  3. 

June4. 

June  5. 

m. 

8. 

m. 

8. 

m. 

8. 

m.  jf 

m. 

8. 

m. 

8. 

m. 

8. 

w. 

8. 

m. 

8. 

m.  8. 

m.  8. 

m.  8. 

m.  8. 

m.  8. 

20 

49 

5 

51 

57 

18 

13 

58 

00 

42 

3 

2 

88 

10 

52 

18 

42 

51 

61 

12 

45 

15 

5 

18 

00 

_ 

50 

. 

36 

62 

48 

56  42 

0 

29 

68 

58 

53 

7 

13 

98 

40 

67 

85 

33 

50 

5 

16 

73 

50 

57 

40 

18 

n 

30 

. 

20 

77 

18 

68 

18 

79 

32 

73  43 

46 

18 

17 

34 

86 

6 

70 

0 

....... 

. 

10 

[81 

42] 

75 

41 

87 

39 

81  34 

53 

52 

25 

31 

[93 

55] 

77 

59 

38 

17 

27  35 

4  45 

15  16 

48  24 

43  15 

00 

95 

11 

104 

24 

50 

107 

23 

97 

56 

110 

3 

lai  16 

75 

30 

47 

24 

116 

30 

90 

55 

. 

40 

113 

25 

124 

30 

119  40 

64 

U 

131 

47 

115 

37 

75 

40 

30  1 

1 

146 

12 

135 

43 

146 

34 

1 

113 

10 

86 

27 

156 

2 

97 

20 

86  26 

64  22 

75  28 

107  22 

102  13 

KEW. 

HEAVY  END  UP. 


!  July  1. 

1 

July  2. 

m,  «. 

m.  8. 

40 

5  00 

30 

6  10: 

20 

0  51 

7  27: 

10 

8  57: 

00 

10  28 

50 

. 

40 

8  00 

30 

.  17  4 

20 

13  22 

10 

16  58 

23  50 

00 

28  10: 

50 

27  2 

33  15: 

40  ! 

40  33 

30  ! 

50  29 

20  1 

65  2 

July  2. 

1 

July  3.  1  July  3. 

1 

July  4. 

July  4. 

July  4. 

July  4. 

July  7. 

m.  8. 

m.  8.  1  m.  8. 

. 1 . 

m.  8. 

m.  8. 

m.  8. 

m.  8. 

m.  8. 

22  51: 

33  18 

35  57 

[42  54] 

32  21 

2  16 

59  37 

-m  54 

•Jm- 

29  55 

40  25 

. 

43  8 

49  54 

39  28 

9  30 

6  48 

26  0 

35  25 

39  00 

45  57 

48  37 

62  2 

55  30 

59  5 

44  50 

48  25 

15  00 

18  29 

12  13 

15  51: 

31  38 

. .  1 

48  47 

55  38: 

59  7 

61  54: 

60  1 

68  47 

75  55 

58  9 

er*  4 

28  9 

25  26 

44  43 

51  24 

• 
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Table  showing  the  minutes  and  seconds  of  the  times  of  reaching  the  different  half -amplitudes — Contiuiied. 

KEW— Continued. 

HEAVY  EHD  UP — Continued. 


July  1. 

July  2. 

July  3. 

m.  g. 

July  4. 

July  4. 

July  7. 

m.  g. 

Jiilv  7. 

m.  g. 

July  8. 

m.  8. 

July  9. 

_ 

m.  g. 

July  10. 

0  / 

2  40 

30 

20 

10 

00 

1  50 

40 

30 

20 

10 

00 

0  50 

40 

30 

20 

m.  g. 

m.  g. 

m.  g. 

m.  g. 

m.  8. 

[18  24] 

39  31 

49  2 

44  1 

5  46 

21  6 

28  1 

24  41 

. 

13  22 

19  11 

[26  24] 
[31  13] 

47  33 

52  33 

56  47 

13  32 

18  31 

. . 

36  1 

32  46 

37  43 

21  25 

26  15  ' 

27  6 

. 

56  47 

44  19: 
[51  21] 

64  42 

72  40 

74  22 

82  8 

69  8 

77  18 

31  2 

39  0 

46  50 

55  5 

53  37 

62  5 

50  12 

58  36* 

38  57 

j  52  36 

[72  50] 

88  41 

94  56: 

109  55 

104  27 

120  2 

98  38 

114  45 

60  35 

77  40 

84  38 

101  19 

70  57 

96  44 

1  69  35 

85  .59 

1  74  49 

[  91  6  1 

93  46 

174  47 

. , . : . 

i 

Table  showing  the  time  of  decrement  of  the  arc  from  10'. 

HEAVY  END  UP. 

PARIS. 


•  j  29  20'. 

29  W. 

lo  50'. 

1°  40'. 

1°  20'. 

0°  50'. 

0°  40'. 

. 

m.  g. 

m.  g. 

m.  g. 

m.  8. 

m.  g. 

m.  8. 

! 

m.  8. 

Jan.  26 

[-  3  41] 

-f  9  35 

-fl6  50 

28 

. 

-10  46: 

—  3  31 

29 

. 

-  3  29 

+  9  59 

4-16  50 

Feb.  2 

[-  3  50] 

+  9  13 

4-16  19  : 

4 

-11  3 

—  3  36 

9  53 

4-16  56  ' 

» 

-  3  52 

+  9  38 

4-16  36  1 

14 

-10  55 

—  3  31 

4-16  45  j 

21 

—  8  58 

—  3  36 

!  -flO  7 

4-17  3 

22 

1  —16  10 

—  3  35 

4-16  21  t 

1 

1 

Means . . . 

-16  10 

-10  59 

_ 

-  8  58 

-  3  38 

j  -f  9  52 

+16  45 
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Table  showing  the  time  of  decrement  of  the  arc  from  1°  10' — Contiuiiod. 

HEAVY  END  UP —Continued. 

BEItLIN. 


2®  20'. 

2®  10'. 

1®  50'. 

1®  40'. 

1®  20'. 

0®  50'. 

0®  40'. 

Apr.  20 

24 

25 

26 

m.  ». 

-16  8 

m.  8. 

m.  8. 

m.  8. 

-  8  59 

m.  8. 

-  3  38 

m.  8. 

4-  9  54 
-f  9  41 

m.  8. 

4-16  55 
+16  48 
+16  41 
+16  41 

-  3  38 

-16  2 

—  9  8 

-  3  33 

-I-  9  39 

4-  9  43 

28 

. 

-  3  36 

20 

30 

-  3  38 

+  9  41 

4-  9  34 

4-  9  20 

-15  46 

-  8  50 

-  3  31 

+16  9 

+15  55 

May  2 

-  3  38 

1 

Means . . . 

1  -15  59 

-  8  59 

-  3  36 

1  4-  9  39 

+16  32 

KEW. 


1®  40'. 

1®  20'. 

0®  50'. 

0®  40'. 

m. 

8. 

m. 

8. 

m. 

8. 

m. 

8. 

-  8 

58 

-  3 

36 

+10 

4 

...^ 

. 

+  9 

25: 

+16 

43 

-  9 

5 

-  3 

35  ’ 

+  9 

47 

+16 

38: 

-  9 

6 

* 

+10 

24 

-  8 

54 

-  3 

25 

+  9 

52: 

+16 

59 

-  9 

11 

-  3 

35 

+  9 

42 

+16 

50 

-  8 

57 

-  3 

35 

+  9 

44 

+16 

39 

-  8 

59 

-  3 

29 

+  9 

40 

. 

-  9 

3 

-  3 

38 

+  9 

35 

-  9 

12 

* 

+  9 

55 

+16 

12 

-  9 

18 

-  3 

43 

+  9 

45 

+16 

46 

-  9 

15 

-  3 

41 

+  9 

54 

+16 

37 

17 

+10 

13 

+16 

8 

-  9 

10 

1 

1 

+16 

50 

-  9 

3 

i 

* 

+  9 

34 

+16 

29 

—  9 

6 

1 _ 

+10 

8 

1 . 

—  8 

51 

+  9 

37 

1  +16 

1 

32 

-  9 

2 

-  3 

35 

+10 

45 

-  9 

2 

-  3 

30 

+  9 

49 

!  +16 

47 

-  9 

5 

-  3 

33 

1  +  9 

i 

54 

+16 

38 

July 


Means . . . 


20  20'. 


m. 

8. 

-16 

7 

-16 

23: 

-16 

9: 

-16 

13 

-16 

5 

[-16 

11] 

-16 

4 

-16 

13 

-16 

20 

-16 

18 

-16 

26 

-16 

29 

-16 

5 

-16 

26 

-16 

13 

-16 

14 

* 

-15 

52 

-16 

6 

-16 

12 

-16 

14 

2°  KK. 


-14  53: 


lo  50'. 


-14  50 


-14  51 


HEAVY  END  DOWN. 


PAKIS. 


2®  20'. 

2®  10'. 

1®  50'. 

1®  40'. 

1®  20'. 

0®  50'. 

0®  40'. 

Jan.  26 

28 

m.  8. 

m.  8. 

m. 

-25 

8. 

38 

m. 

-20 

8. 

57: 

m. 

-  8 

8. 

49 

m. 

+21 

+20 

+21 

+19 

+19 

+22 

+22 

8. 

19 

m. 

+35 

+36 

+37 

+35 

+33 

+38 

+38 

438 

+39 

8. 

30 

-32  39: 

—25 

8: 

-20 

27: 

43: 

-24 

4 

-19 

24 

-  7 

35 

8 

21 

3 

_ . . 

-  7 

.54 

15 

4 

-23 

35 

-18 

46 

-  7 

19 

41 

4 

9 

-20 

24 

16 

38 

46: 

14 

. 

. 

* 

19 

51 

21 

-33  32 

—25 

31 

-20 

40 

1  -  8 

18 

+22 

+22 

34 

4: 

22 

40 

-20 

43 

! 

51: 

46 

4 

. 

j  Means  . . . 

-33  1 

-24 

55 

-20 

10 

1 

9 

+21 

26 

+36 

j 

51 

229 


Digitized  by 


230 


REPOET  OF  THE  SUPERINTENDENT  OP 


Table  slioicin^  the  time  of  decrement  of  the  arc  from  10' — Continued. 

HEAVY  END  DOWN— Continued. 

BERLIN. 


— - - 

— 

— 

- - 

— 

— 

2°  20'. 

2*^  10'. 

1°  50'. 

'i 

o 

1°  20'. 

(P  50'. 

Oo  40'. 

m. 

8. 

m. 

8. 

m. 

8. 

m. 

8. 

m. 

8. 

m. 

8. 

w. 

8. 

A  pr.  19 

-35 

37 

—32 

24 

-  7 

24 

_j_oo 

41 

20 

-32 

50 

-25 

05 

_ 

—  7 

23 

_j_09 

15 

+37 

44 

24 

-35 

42 

-24 

51 

-20 

04 

-  8 

7 

+22 

24 

+36 

51 

25 

-24 

52 

—  7 

51 

+21 

42 

+38 

06 

26 

-35 

39 

-20 

02 

-  7 

34 

+21 

38 

28 

—  25 

02 

—  20 

15 

—  7 

+21 

53 

+38 

40 

29 

-35 

55 

-32 

43 

-24 

57 

-20 

05 

-  7 

49 

+22 

35 

+37 

52 

30 

-35 

56 

-32 

44 

-24 

52 

-20 

19 

-  7 

.59 

+21 

56 

+37 

38 

May  2 

-35 

39 

-32 

59 

-24 

49 

-20 

06 

.... 

+37 

23 

,  Means ... 

1 

-35 

45 

-32 

44 

-24 

58 

-20 

9 

-  7 

46 

+22 

8 

+37 

45 

KEW. 


I 

20  20'. 

20  10'.  j  lo  50'. 

lo  40'. 

10  20'. 

Oo  50'. 

OO  40'. 

m.  8. 

m.  8.  m.  «. 

m.  8. 

m.  8. 

W.  8. 

m.  8. 

*  July  2 

-33  9  '  -25  07 

-20  07 

-  7  58 

+22  16 

+37  15 

3 

—33  6  '  -25  21 

-  8  06 

-h22  19 
+21  20 
+21  35 

+37  54 
+37  27 
+  38  40 

1 

4 

-33  17  1 . 

—20  31 

—  8  10 

4 

-33  14  i  -25  33  . 

-20  29 

—  7  58 

7 

-33  59  . . 

-  8  15 

!  +38  41  ' 
1  +39  14 

7 

-34  4  -26  4 

-  8  26 

+22  33 

8 

-33  55  -25  50 

-20  53 

-  8  24 

+22  21 

+38  8 

9 

-33  44  j  -25  41 

-20  51 

* 

+22  29 

+38  53 

10 

1 

-33  25  1  -25  30 

+22  13 

+  38  30 

'  Moans  . . . 

-33  31  -25  35 

-20  36 

-  8  09 

L 

+22  07 

+38  16 

Tbe  foregoing  tables  show  the  amount  of  discrepancy  between  the  obvserv^ations  of  ditferent 
days.  The  point  of  the  pendulum  is  distant  113^  cm.  from  the  knife-edge,  so  that  one  minute  of 
arc  measures  ^  of  a  millimeter.  The  reading- telescope  was  placed  at  a  disbince  of  about  3  meters. 
It  may,  therefore,  be  supposed  that  a  single  observation  of  the  half-amplitude  would  be  in  error 
by  something  like  ^  of  a  minute.  The  following  bible  shows  how  much  eiTor  this  would  produce 
in  the  noted  time  of  attaming  the  different  amplitudes: 


Half  amplitude. 

Time  of  decrement  of  1. 

Heavy  end  up.  Heavy  end  down. 

O  / 

8. 

2  10 

2 

5 

1  50 

3 

7 

1  40 

3 

8 

1  20 

5 

11 

1  10 

G 

13 

50 

9 

21 

40 

12 

27 

It  will  be  seen  that  the  observed  discrepancies  are  several  times  as  large  as  these  values,  and 
cannot  therefore  w  ell  be  attributed  to  errors  of  observation.  The  daily  discrepancies  are,  however, 
less  than  7  times  the  numbers  just  given,  that  is  less  than  minutes.  Such  errors  would  produce 
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ail  error  in  the  correction  for  arc  proportional  to  tlie  arc  itself  and  amounting  to  only  2  inilliontlis 
for  <P  =  20.  It  lias,  therefore,  been  judged  proper  to  find  one  function  to  express  the  relation 
lietween  the  amplitude  and  the  rate  of  decrement,  and  to  apply  this  to  all  the  observations  at  ordi¬ 
nary  pi-essures  and  temperatures  for  the  pnriiose  of  finding  the  correction  for  arc. 

The  pendulum  being  symmetrical  in  form  in  reference  to  its  two  knife-edges,  the  air  resists  its 
motion  ^^ith  the  same  force  whichever  end  is  up.  Consequently,  tlie  rate  of  decrement  of  the  arc 
(produced  by  this  cause)  is  in  the  two  positions  inversely  proportional  to  the  moments  of  inertia. 
But  it  is  the  property  of  the  reversible  pendulum  that  the  moments  of  inertia  almut  its  two  knife- 
edges  are  x>roportional  to  the  distances  of  the  center  of  mass  from  those  knife-edges.  These  dis¬ 
tances  are  in  our  pendulum  very  nearly  in  the  ratio  of  3  to  7.  Hence,  the  times  of  decrement  of 
the  ai*c  (so  far  as  it  is  the  effect  of  the  air)  must  be  in  the  ratio  of  7  with  heavy  end  down  to  3  with 
heavy  end  up.  The  same  would  be  true  for  any  iirojier  effect  of  friction  on  the  knife-edges.  But 
the  decrement  of  the  amplitude  is  no  doubt  ])artly  caused  by  the  energy  of  motion  of  the  pendulum 
itself.  For  exam])le,  the  pendulum  sets  its  sup])ort  in  vibration  and  this  vibration  is  resisted  by 
internal  friction,  thus  exhausting  the  energy.  Such  a  decrement  of  the  arc  will  be  more  nearly 
equal  with  heavy  end  up  and  with  heavy  end  down,  or  it  may  even  be  greater  with  heavy  end  down. 
In  point  of  fact  it  will  be  seen  that  the  times  of  decrement  are  a  little  more  nearly  equal  than  if  they 
were  in  the  ratio  of  the  distances  of  the  knife-edges  from  the  center  of  mass.  This  is  shown  by 
the  following  table : 


STATION,  PARIS. 


Decrement. 

Time,  heavj' 
end  down. 

Cftlcnlated 
time,  heavy 
end  up. 

Observetl 
time,  heavy 
end  up. 

0-  C 

O  / 

o  / 

m. 

m. 

m. 

m. 

1  40  to  1  20 

12.0 

5.2 

5.4 

■fO.2 

1  20 

1  10 

ao 

3.9 

3.6 

-0.3 

1  10 

50 

21.4 

9.3 

9.9 

-fO.6 

50 

40 

15.4 

6.7 

6.9 

-|-0.  2 

1  40  to 

40 

67.7 

25.2 

j  25. 8 

4-0.0 

STATION,  BERLIN. 


O  /  O  / 

m. 

m. 

m. 

m. 

1  40  to  1  20 

12.A 

5.4 

5.5 

4-0.1 

1  20  1  10 

7.8 

3.4 

3.6 

+0.2 

1  10  50 

22.1 

9.6 

9.6 

0.0 

50  40 

15.6 

6.8 

0.9 

+  0.1  1 

1  40  to  40 

57.9 

25.2 

25.6 

+0.4  j 

STATION,  KEW. 


O  /  O  ! 

TO. 

TO. 

TO. 

TO. 

1  40  to  1  20 

12.5 

5.5 

5.5 

0.0 

1  20  1  10 

8.1 

3.5 

3.6 

+  0.1 

1  10  50 

22.1 

9.6 

9.8 

+  0.2 

50  40 

16.1 

7.0 

6.9 

-0.1 

1  40  to  40 

.58.8 

2.5.  6 

25.  8 

40.2 

These  nuinliers,  however,  show  that  for  the  purpose  of  calculating  tlie  coiTection  for  arc  it  will 
lie  quite  suflfudent  to  assume  that  the  times  of  decrement  are  in  the  ratios  of  the  moments  of  inertia. 
In  order  to  obtain  the  law  of  decrement,  therefore,  the  times  with  hea\y  end  up  and  with  heavy 
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end  down  have  been  added  together ;  and  the  ineaiiK  have  then  been  taken  for  all  three  stations 
(Paris,  Berlin,  and  Kew).  We  thus  obtain 


aiiiplitiidc. 

/ 

Suin  of  tiniOH. 

1:30 

H. 

—2880 

110 

-2187 

100 

-1779 

80 

—  70G 

70 

0 

50 

+  1927 

40 

+8304 

The  time  for  140'  has  been  neglected  as  not  having  been  generally  observed  with  heavy  end 
down. 

To  satisfy  these  values  a  form  of  etjuation  has  been  assumed  whieh  has  been  copied  from 
Professor  Benjamin  Peirce’s  Analytic  Mechanics^  and  which  is  Coulomb’s  equation  with  a  constant 
term  added.  It  is — 

=  — a  —  — 

The  integral  of  this  equation  is 


The  values  of  ^  for  the  different  values  of  t,  as  given  in  the  table  above,  are  sufficiently  satisfied 
by  putting  (for  t  in  seconds  of  time  and  ^  in  minutes  of  arc) 


a  =  1547  X  10 
fc  =  6418  X  10“** 
c  ==  1421  X  10 

5  following  table : 

n  of  times.  Obs.  Calc.  <l>. 

„  /  / 

(0— C) 

/ 

0. 

-3191 

140 

138.82 

+1.18 

-2880 

130 

130.03 

-0.03 

-2187 

110 

110.33 

-0.33 

-1779 

100 

100.00 

-0.00 

-  706 

80 

79.97 

+0.03 

0 

70 

70.03 

-0.03 

+  1927 

50 

49.98 

+0.02 

+3304 

40 

39.99 

+0.01 

By  least  squares,  better  values  of  the  constants  could  be  obtained ;  but  these  are  evidently 
sufficient  for  our  purpose. 

The  law  of  decrement  of  the  amplitude  having  been  made  out,  it  was  requisite  to  apply  it  to 
the  observations.  The  constant  t,,?  being  different  for  each  experiment,  had  first  to  be  determined. 
In  <loing  this,  it  was  desiralde  to  use  observations  in  which  the  arc  had  only  been  noted  on  the 
right  or  on  the  left,  h^or  this  juirpose  it  was  necessary  to  calculate  the  inclination  of  the  zero  of 
the  metallic  arc  to  the  vertical.  This  was  readily  determined  from  the  difference  of  the  time  of 
reaching  a  given  division  to  the  right  and  to  the  left.  The  following  tables  show  the  results  so 
obtained.  The  figures  in  parentheses  at  the  top  of  the  column  show  the  estimated  inclination  from 
observations  of  the  pendulum  at  rest. 
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UNITED  STATES  COAST  SURVEY— PARIS.— DIMINUTION  OF  ARC. 

Calculation  of  inclination  of  zero-point. 


140 

130 

120 

110 

100 

00 

SO 

70 

60 

50 

40 

30 


Jan.  26. 
Heavy  end 
up. 
dt 

(+20 

d<k 

Jan.  26. 
Heavy  end 
down.  1 
dt 

(-20 

d<lt 

Jan.  28. 
Heavy  end 
down. 
dt 

(+1') 

Jan.  28. 
Heavy  end 
up. 
d  t 

(HO 

d<t> 

Jan.  20. 
Heavy  end 
up. 
dt 

(-20 

d^ 

#.  ' 

i. 

' 

8. 

' 

8. 

8. 

1  +10: 

+0.5  . 

. . . . 

1 . 

-  57 

-2  0 

'  +11: 
+11: 

+0.4 

+0.3 

-30: 

-2.5 

1 

—  63: 

-2.0 

. 

i:;:::::::::;::::;::;::; 

-104 

-2.4 

'  +  7: 

+0.2 

-60 

-3.1 

-67: 

-  3.5 

-i-22 

+0.0 

-132 

—2.  5 

-79 

-3.4 

-69: 

-3.0 

. . 

1 

. 

+  57 
*  +74 

+1.6 
+  L6 

+33f 

+13 

+0.4 

+0.1 

-222 

-2.0 

. 

. 

+L5 

-2. 1 

+0.3 

—  3.  3 

-3.3 

_ ]_ 

Jan.  29. 

Feb.  2. 

Feb.  2. 

Feb.  2. 

Feb.  4. 

Heavy  end 

Heavy  end 

(+1) 

Heavy  end 

(-14') 

Heavy  end 

djt 

Heavy  end 

(+4') 

T 

up. 

up. 

down. 

d^ 

down. 

down. 

d4> 

dt 

dt 

dt 

dt 

dt 

, 

8. 

/ 

8. 

/ 

8. 

/ 

8. 

/ 

8. 

146 

130 

. . . 1 . 

. . 

120 

. . ' . . 

1 

110 

-53 

-2.0 

-  57 

-2. 1 

+17 

+0.6 

100 

. 

-74 

-2.3 

-  77 

-2.4 

+  4: 

+0.1 

90 

57 

—3^ 

BO 

—  60 

—3. 6 

■ . 

-102 

-2.3 

. 

+  2: 

0.0 

70 

-  88 

-3.8 

+19 

+0.8 

—115 

-2.2 

—  15 

—0.3 

60 

50 

-103 

-3.0 

+38 

+L0 

. 

-176 

-2.1 

-14 

-0.2 

40 

-172 

—3  6 

+53 

+1.1 

-293 

—2.7 

-11 

-0.1 

30 

'  1 

Mean* 

-3.6 

+1.0 

. 

-2.2 

-2.3 

0.0 

Feb.  4. 

Feb.  9. 

Fob.  9. 

Feb.  14. 

Feb.  14. 

Heavy  end 

(-2^) 

Heavy  end 

(-2') 

Heavy  end 

(+!') 

Heavy  end 

(-2') 

Heavy  end 

(+A') 

❖ 

up. 

d^ 

down. 

d4> 

up. 

d4» 

up. 

d4> 

down. 

d4» 

dt 

dt 

dt 

dt 

dt 

*• 

/ 

8. 

t 

8. 

/ 

8. 

> 

8. 

140 

t . 

130 

1 

1 

1 

120 

; 

1 

110 

j  -  38: 

—3.0 

^  -  22: 

-1.9 

100 

—  68 

-  2.2 

90 

t  .  _ 

. . 

80 

-  51  = 

-3.1 

-116 

-2.6 

+17 

+0.9 

-  67 

-3.5 

1  +14: 

+0.3  1 

70 

—  73 

-3.1 

-146 

-2.7 

+  15: 
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The  iiicliiiatioii  of  the  zero-point  having  tints  been  ascei  tained,  the  time  of  ea<*h  observation 
of  amjili tilde  to  the  right  and  to  the  left  was  eorreeted  for  inelination  so  as  to  give  the  time  of 
reaching  an  are  on  each  side  of  the  vertical  of  an  integral  number  of  tens  of  minutes.  The  means 
of  the  results  for  right  and  left  were  then  taken,  in  eas(‘s  wlnae  observations  were  maile  on  both 
sides.  A  table  ealeiilated  from  the  formula  was  tlnm  (mtered,  giving  t— /„  for  every  ten  minutes  of 
and  from  this  the  value  of  to  was  obtained.  The  following  tables  show  the  result.  The  hours  are 
omitted. 

UNITED  STATES  COAST  SURVEY— PARIS.— DECREMENT  OE  ARC.— CALCULATION  OF  t,. 
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I-KNOI  LUM  AT  KEW.— DKCKEMKNT  OF  ARC.'— CALCULATION  OF  Conti uue<l. 
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HEAVY  END  DOWN:  LAST  DAYS— CONTINUED. 
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REPOKT  OF  THE  SUPERINTENDENT  OF 


The  colons  aftixed  to  observations  in  the  above  table  indicate  those  which  were  considered,  at 
the  time  of  making  them,  of  inferior  value;  and  the  rejections  have,  in  almost  all  cases,  been  made 
iilK)n  the  exclusive  authority  of  the  original  notes. 

It  will  be  seen  that  the  value  of  to,  which  ought  to  remain  constant  for  each  experiment,  fre¬ 
quently  undergoes  a  progressive  change.  On  this  account  three  successive  values  of  the  constant 
have  been  adopted  for  each  ex[)eriment,  one  from  </>  =  2^  t<)  =  l^o,  a  second  from  ^  =  Ijo  to 

=  1^,  and  a  third  from  (P  =  to  ^  =  4^.  Within  each  of  these  limits  there  is  in  no  case  any 
change  which  could  occasion  a  sensible  error  in  the  correction  for  arc. 

The  values  of  to  having  been  obtained,  the  next  step  was  to  get  the  value  of  ^  at  the  mean 
instant  of  ea<*h  set  of  transits.  This  was  done  by  subtracting  to  from  the  mean  time  of  each  set, 
entering  the  value  of  t  —  to  in  a  table,  and  taking  out  that  of  <P, 

\  C 

The  next  step  wiis  to  find  the  integral  I  dt.  The  formula,  obtaine<l  by  the  integiatioii 
of  the  expression  for  (P  given  above,  is, 

J  (#-2  d  f  -  -i  ^  lojr.  sill.  j-  +  (^  J  ^  ^ 


In  some  of  the  calculations,  these  three  terms  were  calculated  for  the  observed  values  of  ^  and 
(t  —  to).  In  other  cjises  the  integral  was  taken  out  of  a  table  constructed  for  the  purpose. 

The  correction  of  each  interval  lH*tween  the  suc(*essive  sets  of  transits  was  separately  (ialcii- 
lated.  The  api)roxiinatc  values  of  the  conections  were  generally  as  follows : 


C(»m‘ction. 


lnt<*rval. 


Heavy  enil  down. 


Heavy  end  up. 


From  <P  =  2^  to  ^  = 
From  ^  =  1^0  to  <P  = 
From  ^  =  lo  to  <P  = 


1^0 

-0.053 

10 

-0.043 

lAO 

-0.033 

«. 

-0.023 

-0.018 

-0.014 


All  the  observations  of  an*,  at  Hoboken,  when  the  (leneva  suppoi  t  was  employed,  were  made 
on  a  scale  divided  into  decimal  parts  of  the  radius.  This  scale  being  freely  movable,  was  carefully 
placed  with  its  zero  exactly  under  the  point  of  the  pendulum,  when  hanging  free ;  so  that  it  was 
not  in  general  found  worth  while  to  observe  the  arc  on  more  than  one  side,  during  the  observ^ations 
taken  in  June,  September,  and  October — but  one  allowance  for  position  of  zero  (0.00043  on  Septem¬ 
ber  25)  being  found  necessary  in  these  series.  In  the  observations  taken  in  December  and  in  1878 
less  care  was  taken  in  placing  the  scale,  and  the  arc  was  always  observed  on  both  sides,  except 
between  0.024  and  0.010  on  the  left,  when  it  was  hidden  from  view  by  one  of  the  supports  of  the 
lower  platform  of  the  pendulum  receiver. 
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The  following  tables  give  the  observations  of  arc  in  detail,  followed  by  the  calculation  of  incli¬ 
nation,  made  according  to  the  methods  before  given. 

UNITED  STATES  COAST  SURVEY— HOBOKEN,  JUNE,  1877.— DECREMENT  OF  PENDULUM  ARC.— FULL 

PRESSURE.— SOLID  SUPPORT. 

TIMES  OF  REACHING  DIFFERENT  AMPLITUDES. 
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1' 
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38.0 
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25.6 

23.  89 

47.3  23.1 

47.61 

250 

. 

(24.88) 

77.0 

39.2 

47.0 
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IREPOET  OF  THE  SUPERINTENDENT  OF 


UNITED  STATES  COAST  SURVEY.— PENDULUM,  HOBOKEN,  IN  VACUUM  APPARATUS.— SEPTEMBER  AND 
OCTOBER,  1877.— HEAVY  END  DOWN.— H.  F.,  OBSERVER. 

TIMES  OF  REACHING  THE  DIFFERENT  AMPLITUDES. 
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34.6 

20.5  1 

300 

53.6 

35.6 
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25.1  , 

280 

. 

38.3 

65.9 
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THE  UNITED  STATES  COAST  SURVEY. 


UNITED  STATES  COAST  SURVEY.— PENDULUM  OBSERVATIONS  AT  DIFFERENT  PRESSURES.— DECEM¬ 
BER,  1877.— HEAVY  END  UP.— OBSERVATIONS  OF  ARC. 

T1ME.S  OF  REACHINO  THE  DIFFERENT  AMPLITUDES. 
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20.5  .... 

11 

62.3 

30.8 
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REl’OKT  OP  THE  SUPERINTENDENT  OP 


PENDULUM  OBSERVATIONS  AT  DIFFERENT  PRESSURES.— DECEMBER,  1877.— HEAVY  END  UP.— OBSER¬ 
VATIONS  OF  ARC— Contiuiipd. 
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64 
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71 

42 
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UNITED  STATES  COAST  SURVEY.— PENDULlfM  EXPERIMENTS  AT  HOBOKEN  AT  HIGH  TEMPERATURES— 
APRIL  AND  MAY,  1878.— DIMINUTION  OF  ARC— Coiitiniietl. 


HEAVY  KXD  UP. 


Dale _ I 
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EEPOKT  OP  THE  STJPERENTENDENT  OF 


PENDULUM  EXPERIMENTS  AT  HOBOKEN  AT  HIGH  TEMPERATURES— APRIL  AND  MAY,  1878.— DIMINU¬ 
TION  OF  ARC— C\»jiiiuned. 


ABC. 

HEAVY 

END  UP— CONTINUED. 
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HKAA'T  END  DOWN. 
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L. 

R. 
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UNITED  STATES  COAST  SURVEY.— PENDULUM  OBSERVATIONS  OF  DECEMBER,  1S77.— CALCULATIONS 

OF  POSITION  OF  ZERO  FOR  EACH  SWING. 
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PKNOULIIM  OBSEKVA'l’IOKS  OK  DECEMBEK,  1877.— CALCULATIONS  OF  POSITION  OF  ZERO  FOR  EACH 

SWING — Continued. 
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ITilTED  STATES  COAST  SURVEY.— HOBOKEN,  1878,  APRIL  AND  MAY.— DIMINUTION  OF  ARC.— INCLI¬ 
NATION  OF  ZERO-POINT,  RIGHT  minus  LEFT. 

[For  each  reading  of  arc  apparent  L  the  difterence  is  given.] 
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The  December  observations  were  corrected  for  inclination  by  the  proper  additions  to  the  time 
of  arcs  observed  on  the  right  side  oidy.  For  the  observations  at  high  temperatures,  the  observed 
times  on  the  right  side  were  taken,  and  the  arcs  corrected. 

In  heavy -end-up  obsen^ations,  all  days  except  the  first,  by  —0.0004 
In  heavy-end-down  observations,  May  4,  5,  and  6,  by  —0.001 
In  heavy-end-down  observations,  May  8,  by  .  .  —0.00035 

The  differential  formula  connecting  the  arc  and  the  time  was  next’found.  Only  three  constants 
were  employed,  as  has  been  already  stated,  the  observations  not  being  sufficiently  numerous  or 
sufficiently  exact  to  admit  of  four.  The  equation,  then,  is 

=  —  h<p — c<p^. 

Hence,  |  (5'“  -  1  ^ 

^  J  d  #  =  {  6  <  -  Nat.  log.  (&“- 1)  -  ((3'“-l)“'  )  +.  O. 

and  f  ^  Nat.  log.  \ 

0  \  ^  c  <p  / 

The  constants  h  and  c,  for  heavy  end  up,  calculated  from  the  observed  times  of  decrement,  but 
not  cx)rrected  by  least  squares,  are  given  in  the  subjoined  table. 

From  the  observations  of  decrement  were  deduced,  first,  an  equation  of  the  form 

ft  +  ^ 

denoting  the  mean  value  of  <p ;  and,  second,  a  value  of  c.  As  c  has  been  supposed  proportional 
to  the  density  of  the  air,  we  find 

0  =  0.03125 

T 

By  substituting  these  values  in  the  equations  6  +  c  =  w,  we  obtain  new  values  of  ft,  called 
‘‘second  reduction’^  in  the  table;  the  “first  reduction”  having  been  obtained  with  the  original 
values  of  c.  These  second  values  answer  to  the  formula 

})  =  0.0013  +  0.00435 

For  the  observations  in  which  the  bell-glasses  were  on  the  receiver,  these  alone  being  compar¬ 
able  with  one  another,  the  values  of  ft,  thus  calculated,  are  given  in  the  table,  along  with  the  values 
fix)m  the  reduction  of  observations  of  decrement.  Also  in  illustration  No.  36,  before  alluded  to. 
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U  S.  Geodetic  Sio^vev.  Pcndjulzuri  at  Hoboken.  He  creme  rzt  of  Arc. 
Observations  of  Jzuxe  1817.  Genex'a  support  M/ctk  belt  gflasses  off(x} 
aiiH  Ohrs.  of  Sept.-  JJec.  at  pressures  of  about  30  with  g  Lasses 

071  (o)  comparecL  wiJiL  curve  given  by -European  Ohs.  Reps  old  Support. 
I  I  I  Sum  of  h.  e.  up  be  h.  e.  down  ,  | 
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UNITED  STATES  COAST  SURVEY.— PENDULUM  AT  HOBOKEN.— DECREMENT  OF  ARC. 

t  The  constants  h  and  c,  as  deduced  from  the  observations,  compared  with  values  dependent  on  pressure  and  tem- 

l)eratnre  of  the  air.  ] 
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From  the  calculated  b  and  c  we  obtain  values  of  which  are  given  in  the  following  tables. 
For  the  observations  of  June,  1877,  without  the  bell-glasses,  the  values  of  h  and  c  given  by  the 
observed  decrement  of  arc,  were  used  unaltered. 
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UNITED  STATES  COAST  SURVEY.— PENDULUM  AT  HOBOKEN,  JUNE,  1877.— CALCULATION  OF  io. 

[Quantities  ki  brackets  correspond  to  observations  not  on  the  even  thousandth,  but  on  arcs  differing  a  little  from 

those  given  in  the  first  column. 
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UNITED  STATES  COAST  SURVEY.— PENDULUM  OBSERVATIONS  AT  HOBOKEN,  SEPTEMBER-OCTOBER, 

1877.— CALCULATED  to  FOR  EACH  SWING. 
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REPORT  OF  THE  SUPERINTENDENT  OF 


UNITED  STATES  COAST  SURVEY.— PENDULUM  OBSERVATIONS  OF  DECEMBER,  1877.— CALCULATIONS 

OF  <0  FOR  EACH  SWING. 


D  =  Density  of  the  air  compared  with  one  absolute  atmosphere  at  (P  C. 
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PENDULUM  OBSERVATIONS  OF  DECEMBER,  1877.— CALCULATION  OF  FOR  EACH  SWING— Continued. 


D...J  0.246 

0.025 

19 

0.025  '  0.025 

19  1^1 

0.025  0.025 

22  10 

0.025 

10 

0.013 

8 

0.013 

8 

i  0.013 

1 

23 

0.013 

22 

I  0.013 

0 

1  .039  . 

1  I 

1 

511.4 

1 

1 

501.  7 

1  1 

1  38  . 

. !  324.2 

352.  2 

. 

513. 1 

514.1 

5381 

502.2 

1  37  1 . 

329.5 

329.5 

. j  324.  5  * 

. ^  3.54.  5 

353.  5 

• 

1 

502.2 

36  ! . 

. 

. !  325.  0 

353.0/ 

513.0 

515.0 

. 

503.1 

35  1 

328.5 

328  5 

. 1  325.  5 

.  353. 5 

352.5 

. t 

514.3 

51.5.  3 

503. 1 

.034  . 

327.3 

3283f 

. ‘  326.  3 

1 

513.  7 

515.  7 

543.7 

.542.7 

503.9 

33  ! . 

"S8.1 

328.1 

.  326. 1  ' 

.  352. 1 

352. 1 

514.3 

51.5.  3 

.544.3 

.544.3 

538.3 

1  i 

'  32  62.6 

32a2 

3282 

339.2 

339. 2  . 

.  352.  2 

3.52.  2 

513.  2 

515.  2 

.544.2 

546.2 

538.2 

505.4 

1  31  6L6f62.1 

338.4 

328.4 

3384 

338  4  . 

.  352.4 

3.52.  4 

359.  4 

359.  4 

513.2 

51.5.  2 

546.  2 

548.2 

538  2 

504.3 

. 

30  . 

1 

328.7 

328  7 1 337. 7 

337. 7  1  328  7 

.  351.  7 

.352.7 

358.7 

358.7; 

514.  6  ? 

514.  6 

.547.  6 

548.6 

504.4 

!  .029  . 

328.4 

3284 

3384 

3384  . 

.  3.52.4 

352.  4 

359.4 

359.4 

515.2 

515.  2 

548.2 

549.2 

, 

538.2 

506.7 

28  6L1 

.... 

328.1 

3281 

339.1?  3381  . 

.  351.1 

352. 1 

359.1 

359. 1 

516.2 

517.2 

549.  2 

5.50. 2 

507.6 

. 

1  27,00.8 

62.0 

32a8 

3283 

339.3  . 

.  851.3 

351.3 

359.3 

3.58  3 

517.2 

517.2 

5.50.  2 

551.  2 

505.9 

.... 

26  .... 

61.4 

327.6 

3286 

340.6 

339.6  . 

.  35L  6?  351.6? 

359.6 

858.6 

517.  9 

518.9 

549.9 

551.9 

505.4 

503.4 

i  “i”-’ 

61. 0  328. 1 

3281 

342.1 

34L  1  . 

.  351.1 

351.1 

359.1 

358.1 

519.8 

519.8 

5086 

505.7 

,  .024  |6L0 

. t . 

1 

.  851.1 

351.1 

360.1 

3.58. 1 

520.0 

.520.  0 

552.0 

552.  0 

637.0 

507.8 

504.9 

'  23I.... 

61.5 

329.3 

342.  3  . 

350.  3 

:i.5R  3 

519.  7 

553.7 

639.7 

507.2 

1  22| . 

329.8 

343. 8  . j 

351.8 

3.58.  8 ' 

522.  0 

356.0 

642.0 

5085 

21 

60.8 

.... 

344.8  . 

434.  8  1 . 

351  8 

.5.5R  R 

.523  7 

556.  7 

641.7 

20  . 

. 

. 

.  330.  2  1 

433.  2  . 

352.2 

359.  2 

523.  8 

. 

558.8 

643.8 

1 

505.1 

.019  1  .... 

6L3 

348  0  332.0 

434.0  . 

352.0 

359.0 

525.  7 

559.  7 

644.7 

5082 

18  1 _ 

60.5 

331.4 

347. 4  1  333.4 

435.4  . 

352.4 

359.  4 

527. 1 

647. 1 

. 1 

509.8 

17  .... 

60.6 

331.3t 

348  3  334.3 

436.3  . 

852.3 

359.  3 

526.4 

1 

548  4 

508.9 

1 . 

330.9 

848.9  334.9 

438  9  . 

351.9 

3.57.  9 

529.6 

545.6 

511.1 

15  . 

.... 

. 

33L3 

350.3  .  334.3 

4383  . 

353.3 

532.7 

546.7' 

1 

514.7 

.014  ! 

33L4 

352.4  335.4 

4384  . 

353.4 

359.4 

535.  9 

, 

1 

545.  9 

510. 1 

13  , . 

332.5 

3585; . 

439.5  . 

353.5 

360.  5 

.538.  2 

547.2 

12  1 _  . 

334.7 

355. 7  . 

353.7 

361.  7 

539.  0 

1 

11  ' . 

357.3  .  343.3 

362.  3 

538.  7 

576.  7 

10  _ 

.... 

. 

360. 2  . 

382.2 

540.2 

580.  2 

.«.! _ 

363.3 

583.4 

1  ! 

'  08  OU 

60.6 

1 

585.4 

m  _ 

1 

. ‘ . ' 

i 

. 1  1  ■  '  1  , . ’ . 

. 1 . , . '....: . . • 

.004  j . 

.003  . 

.ww  1  ...^ . 

02 

i  ‘  i  '  ■  1  ’ 

Digitized  by 


260 


KEPOliT  OF  THE  SUPERINTENDENT  OF 


UNITED  STATES  COAST  SURVEY.— HIGH-TEMPERATURE  EXPERIMENTS  AT  HOBOKEN,  APRIL  AND 

MAY,  1878.— CALCULATED  to. 


.o:m 

326 

316 

306 

296 

2S6 

276 

2<M5 

2r>6 

246 

236 

226 

216 

206 

196 

1A6 

176 

166 

156 

146 

136 

126 

116 

106 

096 

086 

.0076 


HE.VVY  KNI>  LT. 


in.  %in. 

III. 

?l  1 

CO 

•r 

m. 

—  4.  6 

< 

m. 

April  30. 

May  2. 

May  2. 

May  10. 

May  10. 

May  11, 

May  11. 

i  ^ 

1 

VI. 

m. 

m. 

m.  in. 

VI. 

! 

4.  7 

. 

-24.  2 

.032 

oa  •> 

r-34.  6 

1 

-  31 

4.  3 

24. 1 

+  19.2 

.  —30. 3  ' 

+  0.2 

'  30 

246  8  . 

4.  5 

24.  3 

19.3 

-23.  9 

_  3n  i 

0. 1 

,  29 

245.  5  . 

+•20.  9 

24. 1 

19.  2 

0.0 

,  28 

245.3  . 

-23.  6 

21.0 

24.  0 

19.4 

23.  9 

fl5.3  30.3, 

-14.4 

0.0 

27 

244.  .'.  _ 

23.  5 

4.3 

20.9 

. 

19.4 

23.  9 

l.'>.  1  . 

14.7 

0.  1 

26 

243.  8  . . 

23.  3 

4,  4 

21.  1 

19.  3 

.  30. 2 

14.  8 

0.  0 

25 

244.3  . 

+  17.5 

23.  4 

4.3 

21.0 

. 

rl  8.  5 

. 

1.7.2  30.2 

14.8 

. 

24 

_  223.  6 

17.  6 

4.  4 

23.  8 

14.  8 

23 

•> 

17.2 

4,  3 

24.  1 

23.  7 

0,  0 

'  22 

222.  0 

4.  4 

21.  0 

24.  1 

23.  7 

30.  1 

0.  1 

21 

;  29‘>.  1 

23.0 

4.2 

20.  9 

24.  1 

19.8 

23.  6 

15.4  30.1  1 

14.6 

0.0 

20 

.  221.5 

23.  2 

4.2 

21.  1 

24.  1 

19.8 

23.  7 

15.3  30.2 

14.7 

0. 1 

19 

9‘.U  'J 

17.  3 

23.  0 

21.  2 

23.  9 

'  20. 0 

23.4 

15.  5  30.  1 

14.  6 

0.  1 

18 

17.  4 

23.  2 

3.  9 

21.  3 

'  23. 9 

15.5  !  30.1 

14.  6 

0.  1  , 

1  17 

17.  9 

23.  1 

3.8 

21.  2 

20.0 

23. 1 

15.  6  30.  2 

14.  5 

0.:. 

1 

16 

221.  6 

17.7 

4, 1 

23.  8 

20.  2 

23.  2 

. 1 

15 

.  221.0 

22.7 

3.8 

21.4 

23.8 

20.3 

23. 1 

15.9  29.8' 

14.3 

0.3  , 

1 

1  222.  0 

17.7 

22,  6 

3.8 

21.6 

'  23. 8 

22.  9 

15.8  ’  29.9 

14.3 

0.4 

13 

.  221.7 

1 

22.5  1 

3.5 

21.6 

23.6 

.  1 

22.  6 

1.5.8  29.8 

14.2 

0.4  1 

'  12 

.  222.  2 

18.0 

22.4  1 

3.3 

21.8 

1  23. 5 

21.2 

22.4 

16. 1  1  29.  6  1 

14.2  ' 

0.3  1 

1  11 

* 

18.3 

22.  4  ‘ 

3.  1 

22.  2 

23.  2 

21.0 

16.2  29.5 

14.0 

0.5 

1  10 

1 

18. 1 

1 

3.0 

22.6 

22.  8 

1  21.3 
21.6  1 

-21.6 

16.4  29.5 

13.8 

,  0.8 

1  09 

18.2 

1-22.6 

-2.  8 

22.7 

,-23.  0 

21.8 

. 

16.4  i-29.  1  ' 

13.7 

'  0.5  i 

1 

08 

1 

+  17.9 

+  22.6  1 

+-22  2 

+  16.6  . 

-13.6 

l-fi.o?l 

1  1 

|.007 

1 

1 

1 

HEAVY  END  DOWN. 

1 

CO 

1 

00 

i  ^ 

c4 

S 

m. 

m. 

m. 

1  / 

m. 

+  38.5 

|. 03265 

+  0.4 

38.5 

3165 

0.3 

38.5 

+  46.5 

'  3065 

0.3 

38.5 

46.4 

2965 

0.6 

38.4 

46.3 

+  58.1 

2865 

0.4 

46  4 

i  2765 

0.3 

46.  4 

5a4 

1  2665 

38.2 

.  58.4 

25a5 

38.4 

4a  8 

. 

.  2465 

0.6 

38.6 

46.9 

'  2365 

0.7 

38.7 

46.9 

58.0 

22a5 

0.5 

3a  9 

47.1 

58.6 

2165 

0.6 

38.9 

47.3 

58.9 

2065! 

0.6 

38.7 

47.3 

59.0 

1965 

!  0.5 

38.8 

47.2 

59.  2 

1  1865 +-0.  9: 

47.5 

17a5 

39.0 

60. 1 

'  1665 

-0.1 

39.5 

47.9 

60.6 

1  1565  +  0. 1 

39.4 

48.2 

60.6 

1465 

0.4 

39.6 

48.5 

60.5 

j  1365 

0.5 

39.8 

49.1 

1  1265 

0.5 

39.  9 

1  1165 

0. 1 

1  1065  4-0.3 

.00965 

-0.4 

1  .... 

+  59. 1 

1 

+  41.9 

|+r>i.i 

REDUCTION  TO  A  VACUUM. 

It  is  not  usual  to  reduce  observations  with  the  reversible  pendulum  to  a  vacuum,  because  the 
formula  for  combining  the  results  with  heavy  end  up  and  heavy  end  down,  namely, 

T  _  Trf  hj  —  T„  h,, 

K  ’ 

is  supposed  to  eliminate  the  atmospheric  eftect;  and  it  really  does  so  if  the  hollow  bob  is  staunch. 
Nevertheless,  there  is  a  great  advantage  in  reducing  to  a  vacuum,  for  in  that  way  we  may  use  the 
reversible  pendulum  as  two  invariable  pendulums,  combining  them  by  the  formula 


rp _ Trf  /i„ 

■"  K  +  K  ■ 

In  our  pendulum  :  h„  =  7:3;  hence,  the  usual  formula  gives  a  T  which  is  subject  to  J  of  the 
error  of  T^  and  f  of  the  error  of  T„,  while  the  proposed  formula  gives  a  T  which  is  subject  to  only 
of  the  error  of  T,y  and  ^  of  the  error  of  T„ ,  so  that  its  error  is  only  of  that  of  the  other. 
It  is  true  that  it  is  somewhat  difficult  to  ascertain  the  amount  of  the  atmospheric  correction  which 
must  be  applied  before  the  second  formula  can  be  used,  but  it  will  be  shown  that  it  is  not  impos¬ 
sible.  Nor  will  it  be  subject  to  any  uncertainty  which  will  be  sensible  unless  under  changes  of 
pressure  ainountiug  to  a  considerable  fraction  of  an  atmosphere. 
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But  if  this  is  so,  it  may  be  asked,  why  use  a  reversible  i)enduliim  at  all  !  The  reply  is,  that  we 
have  thus  a  continual  check  upon  our  work;  and  also  a  means  of  studying  knife-edge  effects,  etc. 
Moreover,  the  fatal  effect  of  any  accident  to  the  pendulum  is  thus  insured  against.  Another 
advantage  of  the  reversible  pendulum  is  that  the  center  of  oscillation  can  be  ascertained  with 
exactitude,  its  position  being  a  necessary  datum  for  calculating  the  effect  of  the  atmosphere. 

The  presence  of  the  air  lengthens  the  period  of  oscillation  of  the  pendulum  in  no  less  than 
four  distinct  ways:  Ist,  by  its  buoyancy;  2d,  by  being  carried  along  within  inclosed  parts  of  the 
pendulum;  3d,  by  the  hydrodynamic  effect  of  its  pressure;  and  4th,  by  its  viscosity. 

In  reckoning  the  buoyancy  of  the  air,  it  will  make  a  good  deal  of  difference  whether  the  hollow 
bob  is  open  or  tightly  closed.  It  should  be  quite  staunch ;  otherwise,  the  atmospheric  effect  is  not 
eliminated.  If  it  be  so,  the  air  it  contains  is  to  be  considered  as  a  part  of  the  pendulum ;  otherwise, 
not.  It  is  believed  that  our  hollow  bob  is  tight.  To  ascertain  the  volume  of  this  air,  we  have  to 
consider  that  if  the  hollow  were  filled  with  brass  the  center  of  mass  would  be  at  the  center  of  figure. 
The  existing  brass  whose  center  is  at  a  distance  ^  (K  —  /^)  from  the  center  of  figure  land  the  brass 
which  would  be  required  to  fill  the  hollow  bob  and  which  would  be  at  the  distance,  say  o  (which 
can  be  measured),  from  the  center  of  figure,  would  then  be  in  equilibrium  about  the  center  of  figure. 
Hence,  their  volumes  are  in  the  ratio  of  i  (h^  —  K)  to  o.  It  is  necessary  to  assume  a  density  for  the 
air  in  the  bob.  Then  the  mass  of  the  pendulum  obtained  hy  weighing  and  corrected  for  the  buoy¬ 
ancy  of  brass  in  air  must  be  further  increased  by  the  mass  of  air  in  the  hollow  bob,  by  multiplying 
it  by 

f  1 

V  O  Pi/^ 

where  is  the  sux)po8ed  density  of  this  air  and  pi  is  that  of  brass ;  and  this  corrected  mass  of  the 
pendulum  must  be  used  in  all  the  corrections  affecting  the  inertia.  The  value  of  must  also 

be  diminished  by  the  ratio  of.  the  mass  of  air  in  the  bob  to  the  corrected  mass  of  the  pendulum 
multiplied  by  (2  o  -f  —  h„).  These  connections  being  applied  we  shall  have  (putting  pz  for  the 
density  of  the  circumambient  air) 


T. 


Pi  _J_  M  _ \  —  ^tt"l  p2\ 

K  L  Pi  2o  ]pj^ 


and  a  similar  forinula  will  hold  for  T„  replacing  by  in  the  denominator. 

Besides  the  air  in  the  hollow  bob,  a  large  volume  is  inclosed  within  the  open  tube  which  forms 
the  stem  of  the  pendidum.  The  volume  has  to  be  calculated  from  the  measured  dimensions  of  the 
tube.  Let  this  volume  be  ff2  and  let  its  radius  of  gyration  about  the  center  of  mass  be  ^2'^  then  the 
formula  for  the  period  will  be,  with  heavy  end  down. 


^2p2  {T2  +  J  (^d  + 


and  with  heavy  end  up  the  same  formula  will  hold  after  substituting  h,,  for  in  the  denominator. 
The  I  in  the  denominator  is  best  replaced  by  (F*  +  V)  where  T  is  the  radius  of  gyration  of  the 
pendulum  about  its  center  of  mass.  This  quantity  can  be  asceitained  by  an  approximate  reiluction 
of  the  times  of  oscillation  to  a  vacuum. 

Thirdly,  the  ordinary  pressiu*e  of  the  atmosphere,  due  to  its  weight,  makes  the  pendulum  carry 
air  with  it,  and  increases  its  inertia.  This  effect  was  first  discovered  by  du  Buat,  but  particular 
attention  was  brought  to  it  by  Bessel.  It  has  been  subjected  to  mathematical  analysis  by  Green, 
who  has  given  the  formula  for  the  period  of  oscillation  of  any  ellipsoid  making  oscillations,  very 
small  as  compared  with  its  own  dimensions,  in  an  infinite  incompressible  fluid.  The  air  is  sufS- 
ciently  incompressible  under  the  gentle  movement  of  the  pendulum,  and  the  limitation  to  very 
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small  oscillations,  though  particularly  insisted  on  by  Green,  is  probably  immaterial.  His  formula 
is  as  follows : 

Let  the  equation  of  the  ellipsoid  be 


^  4-  ^  -  1 

^  c‘~ 

and  let  a?  be  in  the  direction  of  the  oscillations.  Then  calculate  the  quantity 

QO 


F  =  i  abc  r 

^  J  V(a? 
0 


d/ 


+/f  (**+/)  {<'^  +  /) 

F  o 

and  the  effect^n  question  will  be  as  if  the  inertia  of  the  ellipsoid  were  increased  by  - =, . 

1  —  F 

When  the  ellipsoid  is  one  of  revolution,  the  integration  can  be  effected  in  finite  terms. 

If  a  =  c  (that  is,  if  the  oscillation  is  in  the  equatorial  plane)  put  •-  =  cos  w,  and  we  have 

a 

F  =  A  cotan  - l\ 

®  V  sm  2  w  y 

This  formula  is  suitable  for  an  oblate  spheroid.  If  it  is  prolate,  imaginaries  are  avoided  by  put¬ 
ting  ^  =  cos  when 

F  =  ^  cosec  —  cos  w  .  cotan  o) .  log  tan  ^ 

If  6  =  c  (that  is,  if  the  oscillations  are  on  the  polar  axis),  put  ^  =  cos  w,  and  we  have 

F  =  cot  *<0  ^cosec  tit  .  log  tan  ^ 

This  formula  is  suitable  for  a  prolate  spheroid;  for  an  oblate  one,  put  ^  =  cos  (o  and  we  have, 

F  =  cosec  ^w(l^  \ 

V  tan  ut  / 


When  the  ellipsoid  becomes  an  infinite  cylinder  swinging  transversely,  we  readily  see  by  the 
second  equation  that  F-  =  and  the  coefficient  of  the  effect  is  unity.  In  the  case  of  a  sphere,  all 
the  equations  have  indeterminate  forms.  We  may  consider  the  last  as  being  the  simplest.  When 
w  is  made  infinitesimal  this  becomes 


Hence,  the  coefficient  of  the  effect  is  In  the  case  of  a  plane  oscillating  tangentially,  the  first 
equation  shows  that  F  is  a  zero  of  the  second  order,  so  that  not  merely  the  coefficient,  but  also 
the  whole  effect,  vanishes.  The  same  is  true  of  a  cylinder  oscillating  longitudinally.  In  the  case 

of  a  circular  disk  oscillating  normally,  we  have  to  put  in  the  last  equation  w  =  ®  It  will  be  con- 
venient  to  substitute  (p  =  ^  —  w  and  then  put  p  infinitesimal.  This  gives  us 

F  =  sec^  0  0  ^  tan  p  ^ 

=i-f# 
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Then,  the  coefficient  of  the  effect  is 

F  ^  2^1^ 

1  —  F 

If  R  be  the  radius  of  the  disk,  the  volume  of  the  infinitesimally  thin  spheroid  is  ^  Hence, 

the  effect  is  ^  R^.  The  effect  for  the  sphere  erected  on  the  circle  is  ^  4  So  that  we  find 
©  o  2d 

A 

that  the  effect  of  the  circular  disk  is  that  of  the  sphere  erected  on  it. 

The  following  little  table  will  show  the  run  of  the  function  : 
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On  examining  this  table,  we  see  that,  in  reference  to  equatorial  oscillations,  Ist,  the  flatter  the 
spheroid  the  less  the  resistance  not  only  absolutely  but  relatively  to  the  displacement  (or  cross-sec¬ 
tion,  which,  in  this  case,  is  in  the  same  proportion) ;  2d,  that  this  change  of  the  coefficient  with  a 
change  of  shape  of  the  spheroid  is  greater  and  greater  the  flatter  the  spheroid  and  less  and  less  the 
longer  it  is,  until  it  must  soon  become  insensible.  This  shows  that  a  moderately  long  cylinder  may  be 
treated  as  infinitely  long ;  nay,  more,  that  a  moderately  long  ellipsoid  may  be  treated  as  an  infinite 
cylinder,  the  small  amount  of  air  which  flows  over  its  ends  not  relieving  the  flow  of  the  rest,  percept¬ 
ibly.  But  the  flatter  the  ellipsoid  the  sharper  becomes  its  edge,  which  quickly  sheds  the  air.  A 
short  ellipsoid  thus  beais  but  a  very  slight  resemblance  to  a  short  cylinder  which  has  no  such  edge. 
Yet  a  large  proportion  of  air  must  flow  over  the  ends  of  a  short  cylinder.  Accordingly,  in  the 
absence  of  any  mathematical  analysis,  it  is  difficult  to  treat  an  object  of  this  form.  The  effect  of  the 
shedding  of  the  air  is  shown  in  the  table  relating  to  polar  oscillations.  We  see  here  that  the  more 
prolate  spheroids  not  only  resist  less  proportionally  to  their  bulk  (the  cross-section  remaining  the 
same),  but  also  less  absolutely.  The  ratios  of  successive  numbers  here  for  bodies  nearly  spherical 
are  about  the  squares  of  those  in  the  other  table.  Here,  as  before,  the  sharper  the  points  the  greater 
and  greater  is  the  effect  of  fiirther  sharpening,  and  vice  verm.  When  the  spheroid  is  moderately  flat 
the  absolute  hydrod^uiamic  eftect  is  nearly  the  same  as  for  a  circular  disk;  when  it  is  moderately 
pointed  the  effect,  relative  to  its  volume,  is  very  small,  but,  in  comparison  to  its  own  magnitude,  is 
very  variable. 

A  rough  estimate  of  the  effect  on  a  short  cylinder  oscillating  transversely  may  be  obtained  as 
follows :  First,  compare  the  effects  on  a  sphere  and  a  cylinder  having  the  same  volume  and  resist- 

9 

ing  section.  The  ratio  of  the  diameter  to  the  altitude  of  such  a  cylinder  will  be  or  nearly 


1.09.  This  cylinder  will  undoubtedly  have  a  greater  resistance  than  the  sphere  and  less  than  a  cir- 

•  4 

colar  disk  equal  to  the  diametral  section  of  the  sphere.  But  the  effect  on  the  disk  is  only  or 
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about  1.27 ;  so  that  if  we  take  the  effect  on  the  cylinder  as  1.18  (for  it  must  be  somewhat  nearer 
that  on  the  disk),  we  cannot  be  very  far  out.  This  would  be  supposing  it  to  carry  0.59  of  its  dis¬ 
placed  air.  This  is  about  the  same  that  is  carried  by  a  jirolate  ellii)soid  whose  axes  are  in  the  ratio 
of  y/2:l.  A  shorter  cylinder  must  carry  less  air  and  a  longer  one  more,  relatively  to  the  volume. 
But  the  difference  cannot  be  so  great  as  the  difference  of  ellipsoids  from  the  sphere.  We  may  con¬ 
sistently  suppose  that  every  cylinder  carries  as  much  air  as  a  spheroid  of  the  same  volume,  the 
ratio  of  whose  polar  axis  to  its  equatorial  diameter  is  y/2  x  1.09,  or  1.54  that  of  the  ratio  of  the 
altitude  to  the  diameter  of  the  cylinder. 

Stokes  has  shown  that  the  hydrodynamic  effect  is  largely  increased  by  the  walls  of  the  vessel 
containing  the  pendulum.  In  the  case  of  a  sphere  of  radius  u  in  a  spherical  vessel  of  radius  ft,  the 

+  2 


ratio  of  increment  is 


In  the  case  of  an  infinite  cylinder  in  a  concentric  vessel,  the  ratio 


.  + 


For  large  values  of  h  these  expressions  coincide.  The  case  of  an  ellipsoid  in  a  cylin¬ 


drical  vessel  has  not  been  solved ;  but  an  estimate  of  the  effect  may  be  made,  as  follows ;  A  cylin¬ 
drical  vessel  would  probably  act  on  an  oscillating  sphere  to  one-half  the  amount  of  a  spherical 
vessel  of  the  same  diameter ;  but  if  the  oscillating  body  is  an  oblate  spheroid,  whose  polar  axis 
coincides  with  that  of  the  vessel,  the  vessel  has  relatively  less  effect,  because  most  of  the  air 
escapes  in  that  direction.  In  the  case  of  a  sphere,  half  the  air  escapes  toward  the  sides  and  half 
to  the  top  and  bottom.  If  the  ellipsoid,  instead  of  having  the  coefficient  of  the  hydrodynamical 
effect  like  the  sphere,  has  only  J,  we  may  say  that  only  J  escapes  in  the  equatorial  direction  and 
is  affected  by  the  cylindrical  envelope.  In  general,  therefore,  we  may  estimate  this  small  quantity 
sufficiently  by  multiplying  the  correction  for  the  sphere  in  a  spherical  envelope  by  the  coefficient 
of  the  hydrodynamic  effect. 

In  the  fourth  place,  even  if  the  air  had  no  weight  and  consequently  no  statical  pressure,  it 
would  still  affect  the  motion  of  the  pendulum  in  virtue  of  its  viscosity.  This  effect  forms  the  subject 
of  a  fine  investigation  by  Stokes.  He  shows  that  the  viscosity  of  the  air  causes  a  decrement  of  the 
amplitude  in  a  constant  ratio.  This  is  the  cause  of  the  phenomenon  represented  by  the  second 
term  of  the  equation 


Dt  =  —  a  —  6  ^  —  c 


In  the  case  of  an  oscillating  sphere  this  part  of  the  decrement  consists  entirely  of  two  terms, 
one  proportional  to  the  square  root  of  the  viscosity  and  the  other  to  the  viscosity  itself.  In  the  case 
of  an  infinite  cylinder,  two  similar  terms  constitute  the  bulk  of  the  effect.  In  the  case  of  a  plane 
oscillating  tangentially,  only  the  term  prox)ortional  to  the  square  root  of  the  viscosity  appears.  In 
all  three  cases  the  formula  of  Professor  Stokes  exhibit  a  remarkable  relation  between  the  effect 
on  the  decrement  of  the  arc  and  the  effect  on  the  period  of  oscillation ;  namely,  that  that  term  of 
the  former  which  is  proportional  to  the  square  root  of  the  viscosity  is  identical  with  the  only  con¬ 
siderable  term  of  the  latter.  In  fact,  the  viscosity  introduces  into  the  differential  equation  of  the 
d  8  d*  8 

motion  a  term  in  and  a  term  in  The  former  of  these  has  a  i)art  which  varies  as  the  square 


root  of  the  viscosity,  and  the  coefficient  of  this  part  is  equal  to  the  coefficient  of  the  term  in 

dU 

dtr 

By  the  viscosity  is  here  meant  what  Stokes  terms  the  index  of  internal  friction  and  MaxweU 
the  kinematical  viscosity.  It  is  the  quotient  of  the  retardation  of  the  velocity  at  any  point  of  the 
fluid  caused  by  the  excess  of  the  velocity  at  this  point  over  the  mean  velocity  in  the  neighborhood 
divided  by  this  excess.  Analytically  defined,  it  is 
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The  dei>endence  of  the  viscosity  of  air  upon  its  pressure  and  temperature  has  been  one  of  the 
chief  objects  of  physical  inquiry  in  our  day.  That  it  is  inversely  proportional  to  the  pressure  is 
fully  established,  this  being  equally  the  prediction  of  the  kinetical  theory  of  gases  and  the  result 
of  all  the  exx>eriments,  whether  those  by  Graham  and  Meyer  and  Springmiihl  on  transpiration,  or 
those  of  Maxwell  and  others  on  the  oscillation  of  plane  surfaces.  In  respect  to  the  dependence 
uiwn  temperature,  opinion  does  not  seem  to  be  quite  unanimous.  Nevertheless,  the  experiments  of 
von  Obermayer,  of  Kundt  and  Warburg,  of  Wiedemann,  of  Holman,  and  of  Puluj,  all  concur  in 
showing  that,  in  the  case  of  air,  the  viscosity  as  here  defined  varies  nearly  as  the  i  power  of  the 
absolute  temperatui'e. 

Inasmuch  as  the  function  of  the  viscosity  always  appears  in  the  formuhe  multiplied  by  the 
density  of  the  air,  it  follows  that  the  logarithmic  part  of  the  decrement  will  appear  as  two  terms. 
Namely,  for  heavj’^  end  down 


and  for  heavy  end  up, 


Vp 


y/p 


And  the  effect  of  the  i*esistaiice  on  the  period  of  oscillation  will  be  for  heavy  end  down 


and  for  heavy  end  up. 


IK 


fa  y/p 
IK 


It  must  be  remembered  that  this  supposes  ft  to  be  expressed  in  parts  of  the  radius,  it  being  an 
angular  quantity. 

The  theory  of  Stokes  supposes  that  the  friction  between  the  air  and  the  pendulum  is  not 
infinitely  less  than  that  between  two  layers  of  air,  so  that  no  slipping  of  the  air  over  the  penduliun 
can  take  place.  He  sidduces  some  facts  in  support  of  this  hypothesis,  but  Messrs.  Kundt  and  War¬ 
burg  showed  in  1875  that  this  is  not  true.  It  is,  however,  easy  to  show  from  their  observations 
that  the  amount  of  slipping  is  insignificant.  They  find,  in  fact,  that  the  coeflicient  of  slipping, 
which  is  the  depth  to  which  the  solid  must  be  considered  to  be  composed  of  air  in  order  to  account, 
on  the  hypothesis  of  no  slipping,  for  the  degree  of  motion  on  its  surface,  is  inversely  proportional 
to  the  density  and  is  at  ordinary  pressure  and  at  the  freezing-point  of  water  equal  to  ^  of  a  micron. 
Consequently,  even  at  a  pressure  of  only  J  of  an  inch  it  would  only  amount  to  mm.  Now,  as 
the  radius  of  the  stem  of  the  pendulum  is  2  cm,  the  friction  could  not  be  reduced  by  this  slipping 
more  than  P^rt,  which  is  quite  imperceptible. 

It  has  been  rendered  probable  by  Stokes  that  a  large  envelope  about  the  pendulum  will  not 
ranch  affect  this  correction,  but  this  will  not  probably  be  the  case  when  the  pendulum  approaches 
near  to  the  envelope  in  swinging,  and  the  rate  of  decrement  is  our  only  guide  in  the  matter. 

It  is,  now,  necessary  to  apply  the  general  formula  to  the  calculation  of  the  values  of  the  coef¬ 
ficients  of  the  atmospheric  corrections. 

The  effect  of  the  buoyancy  of  the  brass  is  half  the  ratio  of  the  moment  of  gravity  on  the  dis¬ 
placed  air  to  its  moment  on  the  pendulum.  All  these  calculations  will  be  made  in  C.  G.  S.  absolute 
units.  We  are,  however,  unacquainted  with  the  absolute  unit  of  temperature,  and  it  becomes 
necessary  to  adopt  one.  The  unit  chosen  will  be  273°  +  15^  =  288°  of  the  Centigrade  scale ;  so 
that  the  absolute  zero  being  taken  as  zero,  15°  C.  will  be  a  temperature  of  unity.  This  choice  is 
made  because  15®  C.  is  the  mean  temperature  at  which  it  is  desirable  to  make  pendulum-experi¬ 
ments.  Centigrade  degrees  will  always  be  spoken  of,  but  r  in  the  formulm  and  calculation  will 
denote  the  absolute  temi^erature  divided  by  288  Centigrade  degrees  above  the  absolute  zero.  The 
coefficients  of  pressure  will  relate  to  one  absolute  atmosphere,  by  which  is  meant  one  million 

S.  Ex.  37 - 34 
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grammas  per  centimeter  (second)^.  This  may  be  converted  into  the  pressure  of  a  height  of  mercury 
by  a  calculation  like  the  following : 


Names  of  quantities.  Numbers.  Logarithms. 

Density  mercury  at  0°  C.  compared  Avith  water  at  4° .  13.5959  1.133405 

Absolute  density  of  water  at  4^ . 0.99999  4 

Multiplying,  Absolute  density  of  mercury  at  0^  . .  13.5957 1.133401 

Gravity  at  Paris  (60"'  elevation)  .  980.88  ^  2.991616 

Multiplying,  Absolute  specific  gravity  of  mercury  at  Paris .  13335.7 — 4.125017 

One  absolute  atmosphere .  1000000  ^  6.000000 

*  cm(s)*  _ 

Dividing,  One  absolute  atmosphere  expressed  in  centimeters,  pressure 

of  mercury  at  iP  at  Paris  at  elevation  of  60*" .  74.986  1.874983 


This  is  equal  to  29.63  inches  pressure  at  Hoboken  ar  15^  C.  At  London  it  is  less  by  0.03  inch, 
a  quantity  which  produces  hardly  a  perceptible  etfect  in  the  time  of  oscillation  of  the  pendulum. 

To  find  the  density  of  the  air  under  this  pressure,  we  have,  according  to  the  experiments  of 
liegnault  (Wiillner’s  Experimentaljdiysik,  3ter  Band,  3te  Auttage,  S.  133),  the  absolute  density  of 
dry  air  free  from  CO2  at  0^  C.  and  pressure  76  cm  at  Paris  (6*"  elevation),  0.0012932.  This  sup¬ 
poses  a  slightly  different  absolute  density  of  water  from  that  above  assumed;  but  that  is  a  matter 


of  no  consequence.  Then  we  have 

Log- 

Density  dry  pure  air  at  Paris,  standard  atmosphere . 0012932  7.11167 

Centimeters,  pressure  in  Paris,  standard .  76  1.88081 

Centimeters  in  absolute  atmosphere  .  74.986  1.87498 


.*.  Density  pure  dry  air  at  0^  C.  under  one  absolute  atmosphere . 0012760  7.10584 

Absolute  temperatuie  of  0°  C.  =  .  9.97677 


.*.  Density  pure  dry  air  at  15°  C.  under  one  absolute  atmosphere . 0012095  7.08261 

Correction  for  usual  amount  CO2  (1  +  .529  x  4  x  10"^) . .  0.00009 


Density  common  dry  air  at  15^  C.  under  one  absoluie  atmosphere . 0012097  7.08270 

The  moisture  was  not  observed  during  the  pendulum-experiments  but  is  believed  to  have  been 
as  much  as  would  be  contained  in  air  at  a  little  less  than  ^  saturation  at  15^;  or  say  that  the  density 
was  diminished  by  3  thousandths.  The  density  of  the  air  taken  may  then  be  taken  at  .001206  at 
150  C.  under  a  pressure  of  one  absolute  atmosphere. 

Our  pendulum  never  having  been  weighed  in  water,  it  is  neoessary  to  estimate  its  density. 
The  brass  of  which  it  is  composed  may  be  supposed  to  be  of  the  same  density  as  that  of  the  Prus¬ 
sian  pendulum-meter,  which  density  is  given  by  Bruhns  as  8.5.  But  the  pendulum  contains  a 
certain  amount  ot  steel.  The  knives  have  as  their  dimensions  9.55  x  1.8  x  1.4,  the  product  being 
24  (cm)'*.  A  part  is  beveled  off,  but  other  steel  about  the  pendulum  will  make  up  nearly  the  amount. 
The  entire  volume  of  steel  would  be  therefore  48  (cm)^.  We  may  take  it  at  45  (cm)^.  Assigning  to 
steel  the  density  7.82  the  mass  of  steel  would  be  352  gr.  The  entire  mass  of  the  i)eiidnlum  has 
been  a8(X‘.riaiued  by  weighing  to  be  6308  grammes.  Subtracting  the  mass  of  the  steel,  we  have 
for  that  of  the  brass  5956  grammes.  Dividing  this  by  the  assumed  density  of  the  brass  we  have 
701  (cm)^  as  the  volume  of  brass,  and  746  (cm)^  as  the  total  volume  of  the  metal  in  the  pendulum. 

Then  for  the  density  of  the  metal  we  have  8.46— 

74b  (cm)^ 
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But  a  part  of  the  pendulum  is  the  air  within  the  hollow  bob.  To  find  tlie  volume  of  this,  we 
have  the  following  data,  obtained  by  measurement: 


We  then  calculate  as  follows : 

i  (K  —  K) . 

o . 


=  39.292 
o  =  59.25 


19.G96  1.29438 

59.25  1.77269 


Ratio  volume  hollow  to  that  of  metal .  0.3324  9.52169 

Volume  metal .  746  2.87276 

Volume  hollow .  248  2.39443 


The  accuracy  of  this  calculation  can  be  checked  b}’^  another.  The  hollow  of  the  bob  is  a 
cylindrical  ring.  The  thickness  of  the  metal  is  said  to  be  0.1  cm.  The  exterior  diameter  of  the 
bob  is  by  accurate  measurement  11.4  cm.  Its  interior  diameter  would,  therefore,  be  11.2  cm.  The 
exterior  diameter  of  the  stem  on  which  this  ring  fits  is  4.35.  Then  the  inner  diameter  of  the  hollow^ 
ring  would  be  4.55  cm.  The  exterior  height  of  the  bob  is  3.175  cm;  then,  its  inner  height  would 
be  2.975.  Calculation  from  these  data  gives  as  the  volume  of  the  hollow  243  (cm)^ ;  thus  confirming, 
in  some  measure,  the  density  of  brass  assumed. 

The  total  volume  of  the  pendulum,  so  calculated,  is  994  (cm)^.  Then  the  absolute  density  of 


the  whole  is  6.35  •  And  the  ratio  of  the  density  of  air  at  15^  and  under  pressure  of  one  abso¬ 
lute  atmosphere  to  that  of  the  pendulum  is  *  ^  .0001900.  To  get  the  effect  of  buoyancy  with 


heavy  end  down  and  up,  this  ratio  is  to  be  multiplied  by  one-fourth  the  distjince  betw'een  the  knife- 
edges  (which  is  100.01  cm),  divided  by  the  distance  of  the  center  of  mass  from  the  point  of  support. 
This  gives,  for  heav^y  end  down  and  up,  .0000682  T^,  and  .0001565  T„.  Even  should  the  density  of 
the  brass  be  in  error  by  2  per  cent.,  the  resulting  error  in  the  relative  gravity  of  two  stations,  where 
the  barometric  difference  was  5  inches,  would  be  inappreciable  with  heavy  end  up  (much  more  with 
heavy  end  down)  in  the  sixth  place  of  decimals. 

All  the  remaining  parts  of  the  atmospheric  effect  are  inversely  proportional  to  the  moment  of 
inertia  of  the  pendulum.  Experiments  to  be  described  below  show  that  in  vacuo  at  Hoboken  at 


150  c. 

T/  =  1.012045 
T,*  =  1.011465 
T/  -  T„*  =  .000380 
J  (T/  +  TJ»  1.011755 


Then  it  follows  that  the  square  of  the  radius  of  gyration  about  the  center  of  mass  is 

2 


(  ^  +  +  T/  h,  - 

\  IV  -  T/  “  h,  +  hj 


From  this  we  find  the  two  radii  of  gyration  to  be  -v/Ohda.O  and  -/aoiW.a  (sen ti meters;  and  the 
two  moments  of  inertia,  the  mass  being  0308  gr,  are  4392  x  10^  gr  (em)*  and  1913  x  10^  gr  (cm)*. 

To  find  the  effect  of  the  air  in  the  tnl)e  forming  the  stem  of  the  pendulum,  we  have  the  following 
data: 

^  Centimeters. 


Diameter  of  tube . .  3.99 

Length .  123.6 

Distance  center  to  knife .  .  50.00 

Square  of  rmlius  of  gyration  of  tlie  pendulum  about  its  center  of 

mass  parallel  to  knife  edges .  ^111 
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This  gives  for  the  solid  contents  of  the  tube  1515  (cm)’,  for  the  square  of  the  radius  of  gyration  is — 


(50.00)*  +  i  =  3774  (cm)*. 

The  two  moments  of  inertia  of  the  pendulum  are,  with  heavy  end  down,  4387  x  10^  gr.  x  (cm)*, 
and  with  heavy  end  up  1911  x  1(1*  gr  x  (cm)*.  Whence  the  effect  of  this  air  is  to  add  to  the  times 
of  oscillation  .0000780  and  .0001807  T„,  respectively. 

We  come  now  to  the  hydrodynamic  effect.  The  greater  part  of  this  is  due  to  the  stem  of  the 
pendulum.  This  is  a  cylinder  whose  dimensions  are — 

Centimeters. 

Length . . . .  123.8 

Diameter .  4.33 


From  these  data  the  solid  contents  are  found  to  be  1823  (cm)\  Its  radius  of  gyration  being 
slightly  greater  than  that  of  the  tube,  may  be  taken  at  V3779  cm.  Then,  the  air  having  the 
standard  density,  the  moment  of  inertia  is  8310  gr  (cm)*,  and  the  effects  on  the  i>eriods  of  oscilla¬ 
tion  will  be 

.0000946  T^  and  .0002169  T„. 


When  the  pendulum  is  on  the  Geneva  stand,  the  effect  of  the  walls  of  the  cylinder  have  to  be 
taken  into  account.  If  the  bells  are  not  on,  only  the  90  middle  centimeters  of  the  stem  are  affected. 
The  square  of  the  radius  of  gyration  is  thus  reduced  to  3176  (cm)*,  only  84  per  cent,  of  that  of  the 
whole  cylinder.  The  solid  contents  are  only  .727  of  the  whole,  and  hence  the  affected  moment  of 
inertia  is  only  .727  x  .84  =  .61  of  the  whole.  The  diameter  of  the  cylinder  is  25  cm.  Hence,  the 

(4.33)* 


coefficient  of  correction  is 
and  up 


(25)*  -  (4.33)* 


X  .61  =  .0377 ;  which  gives  for  heavy  end  down 


.0000036  T.  and  .0000081  T, 


But  when  the  bells  are  on  the  whole  is  affected,  and  the  corrections  are 

.0000058  T^  and  .0000134  T,. 

The  two  bobs  are  not  precisely  of  the  same  size.  Their  dimensions  are 


SOLID  BOB.  HOLLOW  BOB. 
Centimetci*8.  Centimeters. 


Diameter .  .  11.48  11.42 

Height .  3.25  3.18 


Their  solid  contents  are 

336.3  (cm)*  325.0  (cm)*. 

Bat  a  part  of  this  volume  has  already  been  reckoned  as  a  part  of  the  stem  of  the  pendulum. 
Owing  to  the  influence  of  the  re-entrant  angle  at  the  junction  of  the  bob  and  stem,  which  must 
cause  an  increase  of  the  effect,  it  will  be  better  to  leave  this  core  as  a  part  of  the  stem  than  to 
include  it  in  the  bob.  The  volume  of  this  core  is 

©  (4.33)*  (3.18)  =  46.8  (cm)*  for  the  light  bob 
and  ©  (4.33)*  (2.25)  =  47.9  (cm)*  for  the  heavy  one. 

Subtract  these  from  the  volumes  already  obtained,  we  get  as  the  true  volumes 

278.2  (cm)*  for  the  light  bob 
and  288.4  (cm)*  for  the  heavy  one. 
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The  squares  of  the  radii  of  gyration  of  these  bobs  about  their  centers  of  mass,  parallel  to  the 
knife-edges,  are 

J  (  («?)!_+  (“■“)•  +  (2^  )  =  10.16  (cm)* 

j  (4.33)*^  +  (11.48).  +  (^*  )  ^  10.29  (cm)*. 

The  center  of  each  bob  is  distant  9.283  cm.  from  the  nearest  knife-edge.  Hence,  the  squares  of  the 
radii  of  gyration  about  the  near  knife-edges  are 

(9.283) *  +  10.16  =  96.33  (cm)*  for  the  light  bob. 

(9.283) *  +  10.29  =  96.46  (cm)  for  the  heavy  bob. 

And  about  the  far  edges  the  value  for  both  is 

(109.28)*  +  10  =  11964  (cm)*. 

Then,  using  the  standard  density  of  air,  we  find  for  the  moment  of  inertia  of  the  air  displaced 
by  both  bobs,  with  heavy  end  down,  4190  gr  (cm)*,  aild  with  heavy  end  up,  4045  gr  (cm)*. 

To  calculate  what  proportion  of  the  displaced  air  is  to  be  considered  as  carried  along,  we  first 
find  the  ratios  of  the  axes  of  both  cylinders.  These  are — 


For  the  light  bob .  .278 

For  the  sohd  bob . : . 283 


These  are  to  be  multiplied  by  1.54,  to  find  the  cosine  w.  We  thus  find  to  for  light  bob  64^.6  and  for 
the  heavy  bob  64°.!.  Hence,  we  find,  by  Green’s  formula,  for  the  coefficient  of  the  eftect,  .278  for 
the  solid  bob  and  .272  for  the  hollow  one.  This  gives  for  the  effective  moments  of  inertia. 

With  heavy  end  down .  1244  gr.  (cm)* 

With  heavy  end  up  .  1185  gr.  (cm)*. 

Whence,  the  effects  on  the  time  of  oscillation  are 

.0000141  %  and  .0000310  T,*. 

Putting  27  cm  as  the  diameter  of  the  bell-glasses  of  the  Geneva  support,  it  appears  that  their  effects 
upon  the  correction  for  the  bob  are 

.0000021  Trf  and  .0000046  T„. 

We  have  now  taken  account  of  the  following  amounts  of  displaced  air : 


Displaced  by  the  stem .  1823  (cm)* 

Displaced  by  the  light  bob .  278 

Displaced  by  the  heavy  bob .  288 


Total .  2389  (cm)* 

But  the  whole  amount  displaced  by  the  pendulum  may  be  reckoned  thus — 

Displaced  by  metal .  746  (cm)* 

Displaced  by  hollow  of  bob .  . .  248 

Contents  of  tube  of  stem .  1533 

Inclosed  in  frames .  16 


Total .  2543  (cm)* 


There  remain,  therefore,  154  (cm)*  displaced  by  the  knives,  and  apparatus  for  holding  them,  by 
the  collars  which  seciue  the  bobs,  and  by  the  little  cyhnders  at  the  ends  of  the  pendulum.  The 
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position  of  the  center  of  mass  of  this  air  may  be  estimated  as  3  cm  outside  the  knife-edges  and  its 
radius  of  gyration  about  its  center  as  2  cm.  The  hydrodjmamic  effect  should  be  taken  as  equivalent 
to  carrying  the  displaced  air,  as  a  part  of  this  air  enlarges  the  cylindrical  stem  and  the  rest  is  so 
shaped  as  to  offer  very  great  resistance.  Hence  the  effects  are 

.0000105  T^  and  .0000241  T.. 


If  we, .now,  add  together  the  various  parts  of  the  effects  of  buoyancy,  of  inclosed  air,  and  of  air 
carried  outside,  we  have  the  total  calculable  effect  proportional  to  the  atmospheric  density,  as  follows : 


Buoyancy . 

Air  within  stem . 

Air  within  frames . 

Air  without  stem . 

Air  without  bobs . 

Air  without  knives,  etc 


Heavy  end  down.  Heavy  end  up. 


682  X  10-^ 
795 
24 
946 
141 
105 


1565  X  10-^ 
1826 
70 
2169 
310 
241 


Sums 


2693  6181 


When  the  pendulum  swings  uiwn  the  Geneva  support  without  the  bell-glasses  we  have  to  increase 
these  effects  by 


Effect  of  cylinders . 

36 

71 

Sums . . -• . 

When  the  bell-glasses  are  in  place  we  have  in  addition 

.  2729 

6252 

Effect  of  bells  on  stem .  .  . 

22 

53 

Effect  of  bells  on  bobs . 

21 

46 

Sums . . 

.  2772 

6351 

The  result  of  this  calculation  is  probably  a  little  too  small,  owing  to  negleeted  terms,  and  can 
hardly  be  too  large. 

The  calculation  of  the  effect  of  viscosity  on  the  time  of  oscillation  depends  on  the  variation  of 
the  decrement  of  the  arc  with  the  pressure.  Experiments  were  made  upon  the  Geneva  support  at 
Hoboken  at  various  pressures.  The  observations  of  arc  made  during  these  observations,  as 
has  been  explained  above,  were  reduced  according  to  the  formula 

i  =  — 6^— 

a  being  supposed  zero  in  order  to  diminish  the  number  of  unknown  quantities.  The  coefficient  c 
was  supposed  proportional  to  the  density  and  one  factor  was  taken  for  all  the  experiments,  while  h 
was  left  to  be  determined  independently  for  each.  The  residt  is  that  all  the  abnormal  variations 
of  the  decrement  which  are  considerable  are  thrown  upon  6,  so  that  the  latter  presents  an  appear¬ 
ance  of  greater  irregularity  than  properly  belongs  to  it.  The  results  of  these  experiments  are 
shown  in  illustration  No.  37  c.  Those  with  heavy  end  down  have  been  brought  to  heavy  end  up  by 

multiplying  them  by  ^  •  The  time  is  expressed  in  minutes ;  the  pressure  in  inches  pressure  at  15®  C. 

at  Hoboken.  It  will  be  seen  that  the  observations  satisfy  sufficiently  well  the  formula 

h  =  .0013  T*  +  .00435  /  t  *. 

When  the  bell-glassas  were  removed,  the  time  of  decrement  was  noticeably  increased ;  but  this 
is  partly  due  to  the  change  in  the  value  of  c.  Upon  the  Repsold  support  there  is  scarcely  any  sen¬ 
sible  difference  between  the  time  of  decrement  from  that  in  experiments  of  the  Geneva  support  with 
the  bells  removed.  This  is  shown  on  illustration  No.  36.  To  compare  the  observations  of  arc  at 
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Paris,  Berlin,  and  Kew,  with  those  at  Hoboken,  they  were  recalculated  with  only  three  constants. 
These  as  corrected  by  least  squares  are 

h  =  .0001082  (units:  one  second  of  time  and  one  minute  of  arc.) 
c  t=z  .000001125 

Uj  reckoning  from  1®  lO'  =  8001®.  The  agreement  of  these  values  with  observation  is  shown  below : 


f>  (Obs.) 

^  (Calc.) 

o 

1 

o 

13(V 

129'.96 

-(K.04 

110 

109  .85 

-  .15 

100 

100 .17 

+  .17 

80 

80.05 

+  .05 

70 

69  .89 

-  .11 

50 

49.91 

-  .09 

40 

40.12 

+  .12 

Reduced  to  decimal  parts  of  radius,  minutes  of  time  and  heavy  end  up,  these  values  become 

6  =  0.0214,  c  =  0.76. 

Observations  of  June,  1877,  at  Hoboken,  give 

h  =  0.0242,  c  =  0.58. 

Allowing  the  European  observations  a  weight  of  3  and  combining  the  values  of  c,  we  have 

c  =  0.72. 


Substituting  this  value,  we  find  for  h  at  Paris,  Berlin,  and  Kew .  0.0224 

And  at  Hoboken . . .  0.0212 

h  (weighted  mean) .  =  0.0221 


The  curve  drawn  in  illustration  No.  36  is  calculated  from  the  European  coefficients,  and  the 
agreement  of  the  observations  taken  at  Hoboken  before  the  bell-glasses  were  put  on  is  shown  by 
the  near  coincidence  with  it  of  the  points  distinguished  by  crosses.  The  points  distinguished  by 
circles  are  obtained  from  a  combination  of  all  the  observations  taken  in  1877  with  the  bells  on, 
when  the  pressure  was  about  30  inches.  The  U  taken  in  each  case  was  the  one  that  made  the  mean 
excess  over  the  curve  equal  to  zero.  The  influence  of  the  bell-glasses  in  arresting  the  motion  of 
the  pendulum  is  thus  very  strikingly  shown.  The  value  of  6,  with  the  bells  on,  under  a  pressure 
of  30  inches,  appears  by  the  above  formula  to  be  0.0251  for  a  minute  of  time.  The  mean  of  the 
experiments  with  bells  off,  as  just  shown,  gives  h  =  .0221 ;  so  that  we  may  assume  that  the  viscos¬ 
ity  effect  is  one-seventh  larger  with  the  bells  on  than  off. 

To  calculate  the  effect  on  the  period  of  oscillation,  we  take  the  coefficient  .00435,  we  multiply 
it  by  \/29.63  to  bring  it  to  one  absolute  atmosphere,  we  divide  it  by  60  to  bring  it  to  seconds,  and 
finally  we  divide  by  0,  and  we  get  as  the  effect,  with  heavy  end  up,  .0001256  T„.  To  find  the  effect 

with  heavy  end  down,  we  simply  multiply  by  ?  which  gives  .0000548  T^.  When  the  bells  are 
off,  J  of  these  values  are  to  be  taken. 

At  excessively  low  pressiu’es  the  whole  theory  of  atmospheric  viscosity  fails,  because  the  fun¬ 
damental  hypotheses  are  then  violated ;  and,  therefore,  the  real  effect  of  viscosity  at  J  inch  press¬ 
ure  ynU  probably  be  somewhat  smaller  than  calculation  would  make  it. 

Experiments  have  been  made  at  Hoboken  on  the  Geneva  support,  in  order  to  determine  the 
effect  of  atmospheric  pressure  d  posteriori.  A  series  of  experiments  were  nuide  in  Septeml>er,  1877, 
^ith  heavy  end  down,  and  another  in  December,  1877,  with  heavy  end  up.  The  duration  of  each 
experiment  was  generally  long,  and  the  agreement  of  the  results  is  all  that  could  be  expected. 
These  observ’ations  were  made  by  Mr.  Faj^uhar.  The  temperature,  during  the  September  experi¬ 
ments,  was  about  20^  C. ;  that  during  the  December  experiments  was  about  10^  C.  They  have 
been  corrected  so  as  to  bring  them  exactly  to  these  temperatiures.  The  results  of  these  experi- 
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meuts  are  exhibited  on  illustrations  Nos.  37a  and  31h,  It  will  be  seen  that  the  sidereal  time  of 
oscillation,  with  heavy  end  down,  satisfies  the  formula 

8. 

Td  =  1.006072  +  .00000985  p  +  .0000081  y/p  ; 
and  those  with  heavy  end  up,  the  formula 

T„  =  1.005740  +  .00002264  p  +  .0000234  v/p, 
where  p  is  the  pressure  in  inches  at  15^  C. 

Taking  one  absolute  atmosphere,  or  29.63  inches,  as  the  unit  of  pressure,  and  reducing  the 
coefficients  to  15°  C.,  we  have  the  general  formulae, 

Trf  =  1.006027  +  .0002969  P  +  .0000442  ^P, 

T  y  T 

T„  =  1.006786  +  .0006698  P  +  .0001271 

r  yr 

The  values  which  we  have  obtained  h  priori  are 

T.,  =  a;  +  .0002789  P  +  .0000661 

T  V  T 

T.  =  y  +  .0006388  P  +  .0001263  ^ . 

T  V  T 

The  difference  between  observation  and  A  priori  calculation  is  perhaps  not  greater  than  ought  to 
be  expected.  The  values  which  have  been  used  in  the  reductions  are 

'  =  X  +  .0002917  P  +  .0000612  4^, 

T  V^T 

T,  =  y  +  .0006694  P  +  .0001176.:^. 

These  values  were  used  before  the  last  calculations  of  the  h,  priori  values  were  completed,  and 
it  was  not  thought  worth  while  to  change  them ;  but  the  a  priori  values  are  preferi'ed. 

COEFFICIENT  OF  EXPANSION. 

The  coefficient  of  expansion  of  the  pendulum  has  been  determined,  by  comparing  it  directly 
with  a  meter  obtained  from  the  German  Imperial  Eichungsamt  and  there  designated  as  Normal 
Meter  No.  49,  and  also  by  assuming  it  to  have  the  same  coefficient  as  the  pendulum-meter,  the 
pendulum-meter  having  also  been  compared  at  different  temperatures  with  No.  49.  The  coefficient 
of  expansion  of  No.  49  has  been  absolutely  determined  bj^  comparison  with  meter  made  for  the 
purpose  and  marked  ^‘U.  S.  C.  S. — C.  S.  P. — 1878. — A.”  The  comparisons  have  been  made 

Between  No.  49  at  13^  and  A  at  3° 

Between  No.  49  at  3°  and  A  at  13^ 

Between  No.  49  at  4P  and  A  at  4^ 

and  between  No.  49  at  18^  and  A  at  IS^ 

The  two  meters  were  compared  by  means  of  the  vertical  comparator  belonging  to  the  reversible 
pendulum.  They  stood  in  two  vertical  brass  tubes,  4J  cm.  in  diameter  and  1 J  m.  long,  polished  on 
the  exterior  and  closed  at  the  bottom  by  a  foot  terminating  in  a  conical  point.  One  of  them  rested 
in  the  step  designed  for  the  pendulum-meter,  and  was  held  at  the  top  in  a  stirrup,  movable  upon  a 
screw  in  such  a  way  as  to  vary  its  distance  from  the  micros(iope.  The  meter  rested  at  the  bottom 
of  the  tube  in  a  species  of  trap,  in  which  it  was  compressed  just  sufficiently  to  hold  it  in  plaie.  At 
about  ^  m.  from  the  bottom  it  was  lightly  held,  by  springs  on  its  four  sides,  into  a  frame  which  was 
capable  of  being  moved  in  any  direction,  by  means  of  lour  horizontal  screws  penetrating  the  walls 
of  the  brass  tube.  India-rubber  washers  and  nuts  kept  the  screw-holes  water-tight.  Opposite  the 
lines  at  the  top  and  bottom  of  the  meter,  two  windows  were  inserted  in  the  brass  tube,  setting  into 
little  sashes  formed  of  brass  casting.  These  windows  were  made  of  plate- glass,  about  3  mm.  thick, 
which  was  carefully  selected  with  a  view  to  the  parallelism  of  its  sides,  and  placed  in  the  sash  in 
such  a  way  that  the  slope  of  the  wedge  should  be  horizontal.  These  glass  windows  were  kept 
water-tight  by  rubber  washers,  having  a  brass  washer  over  them  screwed  down  by  four  thumb- 


Digitized  by  ^ooQie 


Digitized  by  i^ooQle 


Digitized  by  i^ooQle 


THE  UNITED  STATES  COAST  SUEVET. 


273 


screws.  At  the  opposite  side  of  the  tube,  a  little  above  the  middle  of  the  meter,  was  a  third  win¬ 
dow  througli  which  a  thermometer  placed  within  the  tube  could  be  read.  These  tubes  were  fur- 
nisbeil  with  stop  cocks  at  the  bottom,  and  a  rapid  current  of  water  was  kept  running  through  them 
(luring  the  measures  caiul  for  at  least  an  hour  previous.  The  comparator,  tubes,  and  meters  having 
been  put  into  perfect  adjustment,  the  tubes  were  fixed  tightly  in  their  places  by  screws,  and 
remained  iinuioved  during  the  whole  of  the  experiments.  Particular  care  was  taken  that  they 
should  not  turn  on  their  axes,  so  as  to  alter  in  any  degree  the  eftect  of  refraction  in  the  glass  win¬ 
dows.  The  comparator  was  not  fixed,  since  it  was  necessarily  turned  from  one  meter  to  the  other, 
and  also  changed  in  length  by  a  fraction  of  a  millimeter,  when  the  temperature  was  changed,  a  screw 
being  provided  for  the  purpose.  The  two  meters  were  separated  from  one  another  and  from  the 
comparator  by  means  of  screens  about  4  mm.  thick,  consisting  of  light  wooden  frames  with  tin-plate 
on  the  two  sides,  and  loosely  filled  in  the  interior  with  cotton  batting. 

The  coefficient  of  expansion  of  No.  49  is  checked  by  comparisons  at  various  temperatures  with 
the  platinum  meter  of  the  German  Eichungsamt ;  for  the  coefficient  of  expansion  of  platinum  has 
been  accurately  determined  by  Fizeau. 

As  one  of  the  most  prominent  living  metrologists  has  stated  his  conviction  that  the  coefficient 
of  expansion  of  a  meter  may  be  expected  to  be  difterent  in  the  vertical  and  horizontal  positions  it 
is  proper  to  examine  this  question.  Let  the  meter  be  of  brass  and  let  its  cross-section  be  2  (cm)*. 
The  solid  contents  of  this  meter  will  be  200  (cm)^  and  its  mass  may  be  taken  at  1680  gr.  The 

modulus  of  elasticity  of  brass,  according  to  Wertheim,  is  9  x  10"  This  is  not  the  same  at 

all  temperatures,  however,  and  judging  from  the  analogy  of  copper  we  may  suppose  it  ^  part 
smaller  at  HKP  than  at  0®.  If  the  meter  be  set  up  on  end  the  mean  pressure  of  its  own  weight 
gr.  8* 

is  J  1680  X  981  •  Let  the  expansion  from  0^  to  lOO®  be  .r'  in  the  horizontal  position.  Let  the 

length  of  the  bar  in  the  horizontal  position  at  0<^  C.  be  1  meter.  Let  it  be  heated  to  lOO^  C.  in  this 
jKisition;  its  length  will  then  be  1  4-  jp'.  Let  it  next  be  placed  in  the  vertical  position;  then,  its 
length  will  be  reduced  by  its  weight  to 

(1  +  y)  (1  -  X  420  X  109  X  10'"). 

Let  it,  next,  be  cooled  to  0^  and  its  length  will  be 

(1  +  X')  (1  -  X  420  X  109  X  10- ")  (1  -  X). 

Let  it,  next,  be  brought  to  the  horizontal  position,  and  its  length  will  be 

(1  +  x')(l  -  X  420  X  109  X  10-")  (1  —  a?)  (1  +  420  X  109  X  10'").  ^ 

But  it  is,  now,  in  the  original  condition  so  that  this  length  =  1.  This  gives  the  equation 

.r'  -  =  42  X  109  X  10"", 

a  quantity  too  small  to  be  detected. 

The  following  is  a  summary  of  the  results  of  the  comparisons  between  meters  A  and  49  : 


Temp,  of  49. 

Tenip.  of  A. 

A  — 49. 

O 

o 

+13 

+  3 

+130.5 

3 

13 

-247.3 

4 

4 

-  58.8 

18 

18 

-  57.7 

These  results  are  all  satisfied  to  the  last  place  of  decimals  by  taking  the  coefficient  of  expansion 

/i. 

of  A  =  18.95  for  lo  C. 
of  49  =  18.83  for  lo  C.,  and 
A  -  49  at  Oo  C  =  -  59.3 

The  comparisons  are  given  in  detail  in  the  subjoined  table, 

S.  Ex.  37 - 35 
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UNITED  STATES  COAST  SURVEY.— COMPARISONS  OF  METERS  “A”  AND  “49.” 
L<a  t-emperati^re  Ccntij^raile  of  A.  temi>eratiire  of  49.1 


Date. 

Time. 

i 

1 

A -49 

4  I  t«  80  jjAto  +  So 

Corrected 
A  -49 

Diff.  from 

mean 

(+130.5) 

h. 

m. 

o 

o 

M. 

May  14 

7  57 

4-5.32 

+138.7 

0.0 

-12.1 

+126.6 

-3.9 

i  14 

0 

40 

8.54 

-4-4.68 

+120.  0 

0.0 

+12.1 

+132.1 

+1.6 

14 

8.65 

+4.80 

+123.  6 

-0.1 

+  7.6 

+131. 1 

+0.6 

14 

8.30 

+.5.  25 

+142. 1 

0.0 

-  9.5 

+132.  6 

+2.1 

14 

8.36 

+5.24 

+140.  8 

0.0 

-  9.1 

+131.  7 

+  1.2 

14 

8.38 

+5.24 

+141. 5 

0.0 

-  9.1 

+132.4 

+1.9 

14 

a  79 

+4.99 

+132.5 

-0.1 

+  0.4 

+132.  8 

+2.3 

14 

a  91 

45.11 

+137.  8 

-0.1 

-  4.2 

f  133.  5 

+3.0  1 

15 

9.11 

44.33 

+105.  5 

-0. 1 

+25.3 

+130.7 

+0.2  . 

15 

a  72 

+4.  80 

+121. 1 

-0. 1 

+  7.6 

+i2a6 

-1.9  i 

15 

8.22 

+5.  30 

+  139.9 

0.0 

-11.3 

+i2a6 

-1.9 

15 

8.26 

+5.29 

+  139.8 

0.0 

-11.0 

+i2a8 

-1.7 

15 

8.40 

+5.10 

+133.  5 

0.0 

-  3.8 

+129.7 

-0.8 

15 

8.50 

+5.  05 

+131.  6 

0.0 

-  1.9 

+129.7 

-0.8 

16 

a  61 

+5.  06 

+133.4 

-0.1 

-  2.3 

+131.0 

+0.5 

15 

•9 

00 

8.94 

+4.84 

+121.8 

-0.  1 

+  ao 

+127.7 

-2.8  ' 

J  2  to  8°  i  A  to  -  5° 

1 

(-247.3) 

16 

21 

00 

7.90 

-4. 16 

-216.  6 

0.0 

-31.8 

-248.4 

-1.1  1 

16 

22 

00 

7.28 

-4.95 

-245.3 

+0.1 

-  1.9 

-247.1 

+0.2 

16 

23 

00 

7.  42 

-5.  02 

-247.  7 

+0.1 

+  0.8 

-246.  8 

+0.5  1 

16 

7.58 

-5.09 

-251.4 

0.0 

+  3.4 

-248.  0 

-0.7 

16 

0 

30 

7.  72 

-4.99 

-247.9 

0.0 

-  0.4 

-248.3 

-1.0 

16 

3 

30 

8.94 

-5. 14 

-251.  5 

-0.1 

+  5.3 

-24a  3 

+1.0 : 

16 

8.92 

-5.22 

—2.57.  4 

—0. 1 

+  8.3 

1  9 

16^ 

. 

8.85 

-5.  32 

-2.5a  4 

-0.1 

+12.1 

-246.4  1 

+0.9  1 

16 

8 

30 

9.84 

-4.  73 

-23.5. 2  1 

-0.2 

-10.2 

-245.6  ! 

+1.7 

— 

*2  to  4° 

i  A  to  0° 

(-58.8)  1 

17 

22 

00 

3.45 

+0.02 

-  59.2 

+0.1 

-  0.8 

-  59.9 

-1.1  ! 

17 

22 

30 

4.04 

-0.04 

-62.1 

0.0 

+  1.5 

-  60.6 

-1.8  ' 

17 

23 

30 

4.58 

4-0.04 

—  o5.  5 

-0.1 

-  1.5- 

-  57.1 

+1.7 

17 

aoo 

0.00 

-  61.0  1 

-0.2 

0.0 

-  61.2 

17 

6.46 

-4-0.03 

-  .58. 1  ■ 

—0.3 

-  1.1 

-  59.5  1 

-0.7 

18 

4.06 

-0.02 

-  5a6 

0.0 

+  0.8 

-  57.7 

+1.1 

18 

3 

15 

4.05 

-0.  01 

-  61.5 

0.0 

+  0.4 

-  61. 1 

-2.  3 

18 

3 

30 

3.96 

0.00 

-  57.8 

0.0 

0.0 

-57.8  ; 

+1.0  1 

18 

3 

50 

4.04 

-0.02 

-  56.4 

0.0 

+  0.8 

- 

+3.2 

18 

4 

08 

1  4.14 

0.00 

-  58.2  ' 

0.0 

0.0 

-  58.2 

+0.6 

18 

4 

20 

4.22 

0.00 

-  60.4  , 

0.0 

0.0 

-  60.4 

-1.6 

18 

4 

50 

4.34 

+0.02 

-  56.9 

0.0 

-  0.8 

-  57.7 

+1.1 

18 

5 

15 

4. 46 

0.00 

-  57.4  1 

0.0 

0.0 

-  57.4  i 

+1.4 

*2  to  18° 

i  A  to  0° 

(-57.2) 

20 

21 

30 

la  19 

0.00 

-  57.1 

0.0 

0.0 

-  57.1  1 

+0.1  1 

20 

21 

45 

la  26 

+0.  01 

-  57.0 

0.0 

-0.4 

-  57.4 

-0.2 

20 

22 

00 

18.32 

0.00 

-  56.8 

0.0 

0.0 

-  sas  1 

+0.4  1 

20 

22 

20 

ia45 

0.00 

-  57.4 

0.0 

0.0  I 

-  57.4 

-0.2 

20 

23 

30 

18.65  1 

+0.  01 

-  55.3  1 

-0.1 

-0.4  1 

-  55.8  1 

+1.4 

20 

23 

45 

18. 70  , 

0.00 

-  57.2 

-0.1 

0.0  1 

-  57.3  1 

-0.1  1 

20 

1 

45 

ia72  ! 

+0.  01 

-  56.8  ! 

-0.1 

-0. 4  ' 

-  57.3  ' 

-0.1 

20 

2 

15 

18.76  1 

+0.02 

-  56.1  j 

-0.1 

-0.8  1 

-  57.0  1 

+0.2  1 

20 

3 

60 

ia75 

-1-0.03 

-  57.1 

1 

-0.1 

1 

-  58.3 

-1.1  i 

I 
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The  comparisons  made  between  the  German  Normal  Meter  No.  49  and  the  platinum  meter  of 
the  Eicbungsamt  give 

No.  49  -  PI.  M  =  -  24  .4  4*  10*‘.09  r„ 

where  tx  denotes  the  temperature  Centigrade ;  and  the  following  table  shows  the  agreement  of  this 
formula  with  the  observations  communicatecl  by  Professor  Porster : 


Tl 

No.  49  —  PI.  M. 

Same,  calc. 

O 

At 

+  3.25 

+  8.2 

+  8.4 

6.28 

39.2 

39.0 

23.55 

213.1 

213.2 

Fizeau’s  coefficient  of  exi)ansion  for  platinum  is  at  0^  C.,  S^.6S  for  1°  Centigrade ;  at  ll®  C., 
the  mean  temperature  of  these  comjmrisons,  this  coefficient  becomes  8^.72.  Hence  the  coefficient  of 
expansion  for  Meter  No.  49,  m  deducted  from  these  comparisons,  is  18^.81.  This  agrees  very  well 
with  the  absolute  determination  above  given,  wliich  may  therefore  be  adopted. 

The  comparisons  between  the  pendulum  meter  and  No.  49  are  not  very  satisfactory  in  their 
results,  but  they  show  that  the  coefficient  of  expansion  of  the  former  is  certainly  the  smaller  of  the 
two.  The  following  table  shows  the  observed  results  as  compared  with  the  formula 


U.  S.  Pendulum-Meter 

-  No.  49  = 

-  13'‘.3  - 

0^.448  Tl. 

Date. 

T\ 

U.  S.—  No.  49. 

Same,  calc. 

Calc.  —  Obs. 

1878. 

O 

!J- 

March  20 

20.25 

-  25.0 

-  22.4 

.  +  2.6 

21  . 

19.68 

21.2 

22.1 

-  0.9 

22 

20.14 

22.9 

22.3 

+  0.6 

23 

19.93 

22.0 

22.2 

-  0.2 

24 

16.84 

19.1 

20.8 

-  1.7 

25 

13.37 

19.5 

19.3 

+  0.2 

26 

8.11 

17.1 

16.9 

+  0.2 

26 

14.07 

18.5 

19.6 

+  0.9 

27 

10.58 

16.6 

18.0 

-  1.4 

The  pendulum  itself,  compared  with  No.  49  at  35°  C.,  and  at  lO®  C.,  gives  the  following  equation : 

Pendulum  -  No.  49  =  -  191^5  -  (f  .67  r,. 

The  coefficient  of  expansion  of  the  pendulum,  therefore,  as  given  by  these  comparisons,  is 

18'‘.83  -  0^.67  =  18  .16. 

The  coefficient  of  the  pendulum-meter,  just  found,  is  i8'‘.83  —  0  .45  =  18'‘.38.  The  mean  of 
these  two  values  is  IS'* .27. 

The  coefficient  of  expansion  of  the  pendulum  was  also  determined  from  its  rate  of  oscillation  at 
diffei*ent  temperatures,  a  special  series  of  experiments  at  high  temperatures  being  taken  for  the  pur¬ 
pose.  The  results  are  given  below  : 


!  ; 

IlKAVY  EM)  DOWN. 

1 

HEAVY  END  UP. 

*  1 

o 

35.8 

1  19.4 

Td  1 

o 

36.3 

10.2 

Tu 

1  r 

1  Obeerved  values . J 

1  Differeuces . 

^  Coirectlou  for  atmospheric  toraperat  ui-e  . . . 

1  Effect  for  1°  C . 

«. 

1.006537 

1. 006400 

s. 

I  1. 006719 

1.006536 

16.4 

.000137 

+  16 

26.1 

.000183 

+  58 

.  000153 

.000241 

1  .0000093 

1 

1 

.0000092 

1 
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These  give  as  the  coefficient  of  expansion — 


From  oscillations  with  heavy  end  down .  .  18'*.5 

From  oscillations  with  heavy  end  up .  - .  18.3 


The  value  18  .3  has  been  used  in  the  reductions. 


CORRECTIONS  FOR  THE  WEARING  DOWN  AND  ROUNDING  OFF  OF  THE  KNIFE-EDGES. 

If  5  kilogiammes’  weight  be  put  upon  an  absolutely  sharp  knife-edge  of  steel  hardened  in  oil 
and  having  a  bearing  length  of  2  centimeters,  the  steel  edge  will  be  crushed  until  the  breadth  of 
the  bearing  surface  is  1  micron.  Accordingly,  from  the  very  beginning,  a  knife-edge  will  wear 
down  and  round  off.  The  wearing  down  and  the  blunting  will  have  vei^  different  effects  uimn  the 
period  of  oscillation. 

The  removal  of  the  i^oint  of  support  of  a  pendulum  from  its  center  of  mass,  will  have  an  effect 
which  is  readily  calculated,  thus  : 


dT>=d.f  (^  +  »)  =  a’(-^  +  *) 


d  ^ 

h  • 


For  a  reversible  pendulum, 
Hence,  we  have, 


f  =  K  K 


d  T,*  =  T/ 


d 


d  T  J  =  -  TJ^ 


S 


If  a  pendulum  rolls  upon  a  cylindrical  surface  of  radius  the  instantaneous  axis  of  rotation 
is  the  instantaneous  line  of  contact  5  and  a  velocity  of  rotation  about  this  axis  is  equivalent  to  the 
same  velocity  of  rotation  about  the  line  of  contact  in  the  equilibriuih  position  of  the  pendulum 
combined  with  such  a  translation  velocity  along  the  length  of  the  pendulum  as  is  necessary  to  fix 

the  instantaneous  axis;  this  is  2p  sin  It  follows  that  the  amount  by  which  the  vis  viva 

o.  t 

of  the  pendulum  is  affected  by  a  cylindricity  of  the  knife-edge  is  of  the  order  of  and  may  con¬ 
sequently  be  neglected.  The  moment  of  gra\ity  is,  however,  obviously  the  same  as  if  the  axis  of 

the  cylinder  were  the  axis  of  rotation,  that  is,  it  is  multiplied  by  ^  Hence  we  have 


^  T*  =  —  T* 


r 


If  the  section  is  not  circular,  then  obviously  some  sort  of  a  mean  radius  of  ciirvfiture  must  replace 
p.  If  the  section  is  flatter  than  a  circle,  that  is,  if  the  lower  i^arts  in  repose  have  the  greiiter  radii 
of  curvature,  then  the  mean  radius,  and  consequently  the  effect  on  the  period  of  oscillation,  will  be 
greater  for  small  arcs  than  for  large  ones;  while  if  the  section  is  somewhat  pointed  downwards  the 
reverse  will  be  the  csise. 

We  know  too  little  of  the  laws  of  crushing  and  giinding  to  be  able  to  calculate  the  radius  of 
curvature  from  the  amount  worn  oft*.  In  fact,  the  ratio  would  probably  depend  on  the  hardne^^s  ot 
the  material.  Neither  can  the  radius  be  measured  directly  with  auy  accuracy.  But  it  may  obvi¬ 
ously  be  very  large.  When  the  pendulum  is  first  brought  down  to  rest  on  the  edge,  why  may  not 
the  blunted  surface  be  nearly  flat?  If  it  were  so,  the  small  oscillation  through  4^  or  5°  could  not 
round  the  edges  enough  to  make  the  ratio  of  the  radius  to  the  wearing  down  at  all  small.  Under 
these  circumstances  it  is  a  question  deserving  consideration  and  experimental  examination  whether 
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it  would  not  be  better  to  substitute  for  kuife-edges  cylinders  of  measurable  diameter — say  of  5 
millimeters. 

Our  own  experiments  always  began  with  a  half-amplitude  of  2^  and  ended  with  a  half-amplitude 
of  ;  but  the  time  of  intermediate  transits  of  the  pendulum  across  the  vertical  was  observed  when 
the  balf-amplitude  reached  and  The  intervals  of  time  between  the  2®  and  observations 
were  too  short  to  found  any  conclusions  upon ;  but  if  we  compare  the  mean  period  of  oscillation 
while  the  arc  is  descending  from  2°  to  with  the  mean  period  while  the  arc  is  descending  from 
to  JO,  we  do  not  find,  after  the  usual  correction  for  arc,  any  decided  difference  between  them. 
This  is  shown  in  the  following  table : 


StAtion. 

Poaition  of  heavy  end. 

PERIODS  OP  OSCILLATION. 

(Corrected  for  arc,  pressure, 
temperature,  and  rate  of 
time-keeper.) 

DIFl'ERRNCB. 

1  !  fl 

1 

Arc,  2*^  to  1°. 

Arc,  1°  to  JO. 

i  ■§ 
w 

08 

O 

w 

*• 

8. 

„  c : 

Down . 

1.006053 

1. 006050 

-3 

Paris . < 

,  Vv . 

1. 006195 

1.  006198 

4-3 

c 

Down . 

1.  005901 

L  005897 

-4 

Berlin . < 

Up . 

1.006028 

1.006033 

4-5 

Kew . J 

Down . . . 

1.  005931 

1. 005930 

-1 

.Up . 

1.006054 

1.006056 

42 

c 

Down . 

j  1. 006355 

1.006358 

+3 

Hoboken . < 

Up . 

,  1.006550 

1.006548 

-2 

Tliere  are,  it  is  true,  slight  indications  here  of  a  correction  varying  with  the  amplitude  and  different 
for  the  Repsold  su^rport,  used  at  the  European  stations,  and  for  the  Geneva  support,  used  at  Hobo¬ 
ken  ;  but  nothing  can  be  concluded  with  certainty. 

The  measures  of  length  show,  in  each  case,  an  increase  in  the  distance  betw  een  the  knife-edges 
from  station  to  station.  Thus  we  have — 


P- 

Increase  of  length  from  Paris  to  Berlin .  4.1 

Berlin  to  Kew .  3.1 

Kew  to  Hoboken .  8.9 


This  increase  cannot  have  been  in  any  degree  due  to  the  wearing  down  of  the  knife-edges,  for  the 
reason  that  the  measures  were  made  between  the  centers  of  the  edges,  which  portions  do  not  bear 
uiK)n  the  support  and  appear,  even  now,  nearly  sharp.  The  increase  is  most  probably  due  to  accu¬ 
mulations  of  cocoa-butter,  etc.,  under  the  steel  of  the  knives  where  they  bear  on  the  brass.  The 
effect  is,  therefore,  that  of  a  wearing  down  without  any  blunting. 

The  only  indication  which  we  have  as  to  the  actual  wealing  down  and  blunting  is  derived  from 
the  difterence  between  the  periods  of  oscillation  with  heavy  end  down  and  up.  The  difference 
will  he 


^  20  2 

C  —  21  21 


It  is  higlily  objectionable  to  infer  the  values  of  rh  and  p  from  the  numbers  which  ai*e  to  be  used  to 
detennine  the  force  of  grarity.  It  is  fortunate,  therefore,  that  the  whole  of  the  wearing  and  blunt¬ 
ing  which  it  is  necesvsary  to  take  account  of  for  the  European  stations,  took  place,  all  at  once,  at 
Berlin,  after  just  one-half  of  the  work  there  had  been  done.  The  change  is  therefore  deducible 
from  the  Berlin  observations  alone,  and  that  from  the  difference  of  the  first  half  and  last  half  of 
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them,  independently  of  the  mean  of  the  whole, 
heavy  end  down,  at  Berlin,  are  as  follow : 

First  four  days. 

8, 

0.000153 

0.000136 

0.000131 

0.000140 


Mean .  0.000140 


The  differences  of  T,  with  heavy  end  up  and 

Last  four  days. 

8. 

0.000123 

0.000126 

0.000131 

0.000123 


0.000126 


When  these  means  are  con'ected  for  the  measured  change  of  length  fix)m  that  at  Paris,  they 
become 

0.000142  0.000128 


Now,  the  same  difference  at  Paris  is — 

First  four  days . 

Second  four  daj^s . 


8. 

0.000144 

0.000140 


Mean .  0.000142 

which  agrees  exactly  with  the  first  four  days  at  Berlin ;  and  the  same  difference  at  Kew,^  after  cor¬ 
rection  for  the  measured  change  of  length  from  Paris,  is — 

8. 

First  four  days .  0.000128 

Second  four  days .  0.000129 

Mean .  0.000128 

which  agrees  exactly  with  the  last  four  days  at  Berlin.  We  thus  find  that  it  is  quite  unnecessary 
to  take  account  of  any  other  blunting  in  Europe  than  that  which  took  place  at  that  time.*  To 
separate  the  effects  on  T^  and  T«,  we  have 

BERLIN. 


T,  T. 

8.  8. 

First  days .  1.0058980  1.0060378 

Last  days .  1.0058988  1.0060246 

Changes .  +08  — 132 


The  negatives  of  half  these  changes  are,  therefore,  to  be  applied  to  the  observations  at  Kew,  and 
only  the  first  4  days’  observations  at  Berlin  are  available.  The  deduced  values  of  the  wearing 
down  and  of  the  radius  of  curvature  of  the  section  are 

dh  =  11^.5  p  =  32^. 

These  results  agree  well  with  direct  observations  of  the  edges,  which  have  been  made  under  a  high- 
power  microscope,  with  illumination  through  the  objective. 

The  regular  set  of  observations  at  Hoboken  were  made  upon  the  Geneva  suppoit,  instead  of 
the  Repsold  supi^oH,  which  had  been  used  before.  Now,  it  is  a  matter  of  observation  that  the 
edges  do  not  even  yet,  after  all  their  wearing,  rest  over  their  whole  length  upon  the  Itepsold  support, 
but  only  near  their  ends.  On  the  other  hand,  on  the  Geneva  support,  tliey  rest  nearer  the  middle. 
The  consequence  is  that  when  the  Geneva  supjmrt  was  used,  quite  new  and  unblunted  parts  of  the 
edges  came  into  play,  so  that  the  edges  should  have  been  in  the  same  state  as  at  Paris  j  and  this 
will  be  a^ssumed  to  have  been  the  case,  though  the  differences  of  the  supports  in  other  respects 
1)16 vent  a  very  close  comparison. 

*  It  will  bo  oliserved  that  this  comparison  of  the  difference  of  Trf  and  T,,  at  different  stations  could  not  have  been 
made  if  the  atmospheric  corrections  had  not  first  l>een  applied. 
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Tlie  two  knives  cannot  be  assumed  to  be  alike,  either  in  respect  to  the  distances  of  the  edges 
from  the  planes  of  the  bearuigs  of  the  steel  on  the  brass,  or  in  the  ligiire  of  the  edges ;  but  inas¬ 
much  as  they  are  interchanged  and  equal  numbers  of  experiments  made  in  the  two  positions,  this 
inequality  can  have  no  effect  on  the  final  result.  But  to  exhibit  the.  agreement  of  single  days’ 
experiments,  the  inequality  should  first  be  allowed  for.  In  the  Paris  experiments  and  the  first 
experiments  at  Berlin,  there  was  no  perceptible  difference  between  them.  Thus,  we  find 

Excess  of  time  07i  oscillation  on  knife  1  over  that  on  knife  2. 

Heavy  end  down.  Heavy  end  up. 

S,  S, 

+0.000002  —0.000008 

-0.000002  +0.000014 

Weighted  mean .  +0.000001  +0.000001 

But  for  the  last  days  at  Berlin,  and  for  Kew,  the  difference  is  quite  perceptible. 

Excess  of  time  of  oscillation  on  knife  1  over  that  on  knife  2. 

s.  s. 

+0.000000  +0.000010 

+0.000004  +  0.000005 

Weighted  mean .  + 0.000004  +  0.000000 

Half  these  amounts  will  be  applied  with  their  appropriate  signs  in  exhibiting  the  results  of  single 
days.  At  Hoboken  this  correction  disappears  again. 

CORRECTION  FOR  THE  SLIP  OF  THE  KNIFE-EDGES. 

There  is,  according  to  Bessel,  another  effect  due  the  knife-edges,  which  has  reverse  signs,  with 
heavy  end  up  and  down,  and  which  is  consequently  not  eliminated  in  the  formula  for  the  reversible 
pendulum,  although  it  is  eliminated  when  the  periods  of  oscillation  are  combined  by  the  formula 
suitable  in  <K)n8idering  it  as  two  invariable  pendulums,  to  wit : 

^  • 

This  action  may  be  termed  the  slip  of  the  knife-edge,  as  it  is  supposed  to  be  due  to  a  motion 
which  the  knife  is  compelled  to  make,  and  which  no  elastic  force  resists. 

In  order  to  detect  the  existence  of  such  an  effect,  a  stift*  steel  knitting-needle  w  as  slipped 
through  the  notch  in  the  support  of  the  knife-edge,  while  the  pendulum  was  in  position,  and  w  as 
then  brought  up  into  contact  with  the  edge  by  copper  wires  fastened  to  its  extremities  and  also  to 
a  frame  mounted  on  the  head  of  the  pendulum-support.  These  wires  had  considerable  length,  so 
that  the  knitting-needle  was  free  to  move  in  the  direction  of  its  length,  while  the  friction  on  the 
knife-edge  was  very  great,  so  that  if  the  edge  had  any  slip  the  knitting-needle  must  oscillate  in  the 
direction  of  its  length.  In  order  to  observe  any  such  motion  a  bit  of  convex  spectacle-lens  of  long 
focus  was  attached  to  one  end  of  the  needle,  and  a  plane  piece  of  glass  was  brought  up  nearly 
against  it ;  with  the  aid  of  a  lamp  burning  alcohol  with  salt,  NewTon’s  rings  were  produced  and 
were  ohserv’ed  with  a  microscope,  according  to  the  well-knowm  method  of  Fizeau.  The  result  of 
this  experiment  was  that,  with  the  largest  oscillation  of  the  pendulum,  not  the  least  slip  could  be 
detected  in  this  way,  so  that  it  seemed  that  there  could  be  no  slip  as  great  as  of  the  w  ave-length 
of  the  D  line;  that  is,  none  amounting  to^  of  of  a  micron. 

As  this  result  was  unexpected,  not  to  say  surprising,  the  apparatus  w’as  critically  studied ;  but 
it  seemed  impossible  that  any  slip  should  occur  at  the  point  of  contact  of  the  edge  with  the  needle 
without  showing  itself  in  this  way. 

It  might  be,  however,  that,  instead  of  a  true  slip,  the  edge  was  turned  at  each  oscillation,  so 
^  to  produce  a  motion  similar  to  a  slip ;  for  such  an  effect  would  not  be  detected  by  our  experiment. 


Berlin  (last  days) 
Kew . 


Paris . . 

Berlin  (first  days) 
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CORRECTION  FOR  SHORTER  LENGTH  WITH  HEAVY  END  UP. 

When  the  heavy  end  is  down  the  pendulum  is  stretched  by  a  greater  length.  Calculating  from 
the  known  coefficient  of  elasticity  of  brass,  this  stretching  is  found  to  amount  to  In  the  meas¬ 

ures  of  length  this  amount  has  accordingly  uniformly  been  added  to  the  length  with  heavy  end  up. 
There  is,  therefore,  a  correction  of  +10  in  the  seventh  place  to  be  abided  to  T*  to  bring  it  to  what 
it  would  be  if  the  pendulum  were  as  long  as  the  reduced  measures  make  it. 

THE  CORRECTION  FOR  THE  FLEXURE  OF  THE  SUPPORT. 

The  work  upon  this  correction  has  been  so  extensive  that  it  is  thought  best  to  reserve  the  full 
account  of  it  for  a  separate  paper.  It  has  been  shown  by  the  writer  that  if  a  horizontal  force  equal 
to  the  weight  of  the  unit  of  mass  deflects  the  point  of  support  through  a  distance  S,  and  if  M  is  the 
mass  of  the  pendulum,  h  the  distance  of  the  center  of  mass  from  the  point  of  support,  and  I  the 
length  of  the  corresponding  simple  pendulum,  then  the  eftect  of  the  swaying  of  the  stand  with  the 

S  h 

movement  of  the  pendulum  is  to  lengthen  the  square  of  the  period  of  oscillation  by  T^  M  ;  and 
the  effect  on  k  the  length  of  the  seconds’  pendulum  found  witli  the  reversible  pendulum  is  to  make 
it  too  short  by  M  S  p  This  supposes  the  support  to  be  perfectly  elastic,  and  without  any  differ¬ 
ence  between  statical  and  dynamical  elasticity. 

The  quantity  S  has  been  found  from  a  long  series  of  experiments  to  be  eipial  to  0““.0340  for  the 
Eepsold  support.  At  Paris  a  larger  value  (0™™.0371)  was  found,  but  the  larger  value  has  not  been 
used  in  the  reductions.  Possibly  it  should  have  been  used. 

When  the  Eepsold  tripod  rests  on  a  flexible  support  of  any  kind  the  value  of  S  is  of  course  in¬ 
creased.  At  Hoboken  there  was  no  such  increase.  It  is  not  believed  that  this  increase  was  a  con¬ 
siderable  quantity  at  either  Berlin  or  Kew,  but  the  first  occasion  will  be  seized  of  measuring  it.  At 
Paris  it  may  account  for  the  larger  value  of  S  there  obtained.  At  Geneva  the  pendulum  was  s\vung 
on  a  wooden  support.  The  effect  of  which  may  be  estimated  as  follows :  Professor  Plantamour 

finds  that  the  correction  M  S  j  for  his  pendulum  swinging  on  this  wooden  support  at  Geneva  was 

Oram  1724^  and  at  Berlin  on  a  pier  similar  te  that  on  which  the  Coast  Survey  pendulum  tripod  rested 
the  same  correction  was  0®“.1357.  The  difference,  or  0™“‘.036,  may  be  taken  as  the  effect  of  the 
flexure  of  the  wooden  stand.  Now,  the  following  are  the  data  concerned,  which  differ  for  his  experi¬ 
ments  and  for  ours : 

Swiss  pendiihim.  American  pendulum. 

Mass  of  pendulum .  3050  gr.  6308  gr. 

Eatio  of  seconds’  pendulum  to  length  between  knives . .  1.77  1 

Height  of  edge  above  feet  .  1  m.  1 .3  m. 

It  follows  that  the  effect  of  the  flexibility  of  the  wooden  table  would  be  greater  for  the  Coast 

6308  1 

Survey  pendidum  in  the  ratio  of  x  x  (  —  1.3)  =  1.98 ;  so  that  the  correction  for  our 

pendulum  swinging  on  this  table  will  be  0‘“"*.217  +  0““.071  =  0“'”.287. 

For  the  Geneva  support.,  set  up  as  it  was  at  Hoboken,  the  total  value  of  S  (for  metallic  part 
and  piers)  was  foimd  to  be  0*"“.00405.  For  the  stiffest  support  the  total  value  was  0®".0031. 

M.  Plantamour  has  observed  a  phenomenon  which  he  supposes  to  be  due  to  the  pendulum- 
support  not  yielding  so  much  under  the  oscillations  of  the  pendidum  as  the  amount  calculated  from 
the  statical  flexure.  For  a  wooden  support  the  hypothesis  is  certainly  admissible.  For  a  metallic 
support  it  should  only  be  admitted  with  extreme  caution.  Elaborate  experiments  at  Hoboken  seem 
to  show  the  ratio  of  statical  to  dynamical  flexure  to  be  as  263  to  257.  Wliether  or  not,  supposing 
the  difference  to  exist,  tht>  statical  or  dynamical  flexure  ought  to  be  used  in  calculating  the  correction 
has  not  been  made  out  by  any  mathematical  analysis.  In  the  corrections  applied  in  this  research 
the  statical  value  has  been  used. 
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LENGTH  OF  THE  PENDULUM. 


The  distance  between  the  knife-edges  of  the  pendulum  depends  upon  the  comparisons  shown 
in  the  following  scheme : 

Pendulum. 


German  Pendulum  Meter.  German  Normal  Meter  No.  49. 


German  Normal  Meter  No.  1605. 


German  Platinum  Meter. 


The  comparisons  between  the  German  meters  were  made  in  the  Imperial  Eichungsamt  at  Ber¬ 
lin,  and  the  results  communicated  by  Professor  Forster.  In  addition,  Bruhns’s  Report  on  Professor 
Albrecht’s  Pendulum  Experiments  gives  a  comparison  between  the  German  pendulum  meter  and 
what  he  calls  ‘‘Der  Normalmeter  der  Eichungskommission,”  also  made  at  the  Eichungsamt  in  Ber¬ 
lin  ;  but  as  it  is  impossible  to  tell  specifically  what  he  means  by  this  expression,  as  the  German 
Eichungskommission  states  that  it  never  had  any  intention  of  establishing  an  independent  standard 
of  its  own,  and  as  the  result  given  by  Bruhns  disagrees  entirely  with  the  results  of  other  compari¬ 
sons,  this  comparison  must  be  excluded.  It  is  possible  that  the  German  pendulum  meter  received 
some  injury  between  the  time  of  Bruhns’s  comparison  and  that  with  No.  1605,  communicated  by 
Professor  Forster.  If  such  was  the  case,  the  injury  probably  occurred  before  the  first  comparison 
between  it  and  the  United  States  pendulum  meter,  for,  as  then  noticed,  when  the  position  had  been 
adjusted  by  means  of  the  spirit-level,  the  scales  at  the  top  and  bottom  of  the  tube  were  not  in  the 
same  vertical  line. 

One  set  of  comparisons  between  the  two  pendulum  meters  was  made  in  1875,  and  another  in 
1877,  by  means  of  the  vertical  comparator  belonging  to  the  United  States  apparatus. 

Meter  No.  49  in  its  comparison  with  the  pendulum  meter,  and  with  the  pendulum,  was  sup¬ 
ported  at  the  bottom  on  a  foot  made  for  the  purpose. 

Comparisons  between  the  pendulum  and  pendulum  meter  were  made  before  and  after  every 
swing,  at  first;  but  at  Kew  and  Hoboken  it  was  thought  sufficient  to  make  one  comparison  before 
and  one  after  each  change  of  knife-edges,  in  addition  to  those  made  at  the  beginning  and  end  of 
the  series. 

The  order  in  which  micrometrical  readings  were  taken  in  these  comparisons  was  as  follows : 

1.  Metallic  thermometer. 

2.  Meter  below. 

3.  Meter  above. 

4.  Pendulum  above,  bright  edge. 

5.  Pendulum  above,  dark  edge. 

6.  Pendulum  below,  bright  edge. 

7.  Pendulum  below,  dark  edge. 

8.  Meter  above. 

.  9.  Meter  below. 

10.  Metallic  thermometer. 


The  method  of  adjustment  of  the  stand  and  comparator  has  been  already  described  in  the 
first  part  of  this  report,  under  the  head  of  “  Instruments.”  The  length  of  the  comparator  was 
made  nearly  a  mean  between  those  of  the  pendulum  and  pendulum-meter,  and  its  middle  brought 
to  a  level  with  the  middle  of  the  pendulum.  The  middle  of  the  meter  was  then  raised  to  the  same 
fioight,  its  foot  moved  until  the  vertical  lines  at  its  two  ends  were  simultaneously  in  coincidence 
^th  the  vertical  webs  of  the  two  microscopes,  and  both  ends  brought  into  perfect  focus.  The 
a^ustraent  of  the  comparator,  once  made,  was  never  disturbed ;  that  of  the  focus  on  the  standard 
▼as  often  repeated. 

8.  Ex.  37 - 36 


4 
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The  lines  of  the  metallic  thermometer  observed  on  were  the  three  nearest  the  three  lines  one- 
tonth  of  a  millimeter  apart  at  the  beginning  of  the  meter-scale.  Care  was  taken,  however,  to 
observe  on  the  same  three  lines  in  every  comparison  at  the  same  station.  When  the  metallic  ther¬ 
mometer  was  below,  the  reading  of  the  meter  taken  in  conjunction  with  it  was  not  repeated;  when 
it  was  above,  at  Berbn  and  Paris,  the  meter-scale  above  was  read  twice.  At  Kew,  the  meter-scale 
below  was  read  first  and  last,  and  the  scale  above  with  the  thermometer  but  once.  A  calibrated 
mercurial  thermometer  was  read  to  hundredths  of  a  degree  Centigrade  before  and  after  each  obser¬ 
vation  of  the  metallic  thermometer.  The  corrections  of  this  thermometor  will  he  given  in  another 
place.  The  mark  at  the  end  of  one  meter,  and  the  two  lines  at  the  distance  of  one  hundredth  of  a 
centimeter  on  each  side,  were  observed  on  at  Paris  and  Berlin ;  at  Kew  and  Hoboken  the  lines 
observed  on  were  those  at  distances  of  99®“*.98,  and  99‘’“.99  from  the  zero  of  the  scale. 

Three  readings  on  each  line  of  the  meter- scale,  or  nine  in  all,  were  taken  at  Paris  ;  two  readings  on 
each  line  at  Berlin  and  Kew',  and  but  one  at  Hoboken,  it  being  found  advisable  to  finish  the  com¬ 
parison  as  quickly  as  possible,  that  the  apparatus  might  not  be  affected  by  the  heat  of  the  body. 
In  the  readings  on  the  pendulum,  the  method  followed  at  Geneva  was  used  at  all  other  stations. 
The  order  given  above,  of  observing  on  edge  bright  and  edge  dark,  was  not  at  first  strictly  observed. 

In  reducing  observations  of  length,  account  must  be  taken  of  the  value  of  a  revolution  of  the 
micrometer-screw,  of  the  distance  between  the  lines  on  the  meter-scales  (if  the  same  ones  were  not 
always  observed  on),  and  of  the  varying  compression  of  the  scales  compared  when  they  supjiorted 
vai’ying  weights. 

In  calculating  the  last-mentioned  allowance,  the  coefficient  of  elasticity  of  brass  given  by 
Wertheim,  namely, 

927100000 

for  one^gramme  of  weight  supported  and  one  square  cm.  of  cross-section,  was  used. 

Measures  of  the  pendulum  give  as  the  cross-section  of  its  tube  2.35(cm)*.  The  additional 
weight  carried  with  heavy  end  down  is  2095  g;  hence  the  pendulum  is  then  longer  by 

2,35  X  1)27100000 

Taking  the  same  cross-section  for  the  tube  of  the  pendulum  meter,  and  the  weight  of  the 
metalbc  thermometer  equal  to  that  given  by  Bruhns  for  the  thermometer  of  the  German  meter, 
2213  g,  its  compression,  when  the  thermometer  is  above,  is  1^.0. 

The  cross-section  of  meter  No.  49  is  1.80(cm)*  and  half  its  weight  757  g;  hence  it  is  longer  when 
measured  horizontally  than  when  measured  vertically  by  (V^.5. 

ON  THE  LENGTHS  OF  VARIOUS  MICROMETRIC  SCALES  EMPLOYED  IN  THIS  RESEARCH. 

1.  The  United  States  glass  decimeter-scale  of  centimeters, — This  scale  is  upon  a  piece  of  glass 
0.29  cm.  thick  and  roughly  cut  into  a  rectangular  shape  of  14.3  cm.  by  5.3  cm.  The  lines  are  about 
0.34  cm.  long  and  are  inclosed  between  two  longitudinal  lines  which  run  the  whole  length  of  the 
plate.  Lines  0,  5, 10  are  longer  than  the  others.  The  lines  are  etched,  are  20  microns  in  thickness, 
and  are  excessively  bad.  They  are  either  filled  or  stained  by  the  etching  acid,  but  the  filling  (or 
whichever  sort  it  be)  is  all  on  one  side. 

I  have  applied  to  Assistant  Hilgard,  by  whom  this  scale  was  made,  for  information  in  regard 
to  its  corrections.  Professor  Hilgard  replies  that  the  decimeter  is  correct  to  i>iit  he 

does  not  state  at  what  temperature. 

The  different  centimeters  of  this  scale  have  been  compared  together  by  Assistant  C.  A.  Schott. 
I  copy  the  following  from  a  duplicate  record  found  in  the  archives  of  the  Coast  Survey  : 
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February  21,  1872. 

Adjusted  micrometer  and  direction  of  scale,  measured  with  lower  screw,*  in  order  to  obtain 
measures  on  the  same  part  of  the  screw  for  the  whole  range  of  the  scale : 


Scale,  0  to  1. 

1  to  2. 

Lower  guide-line,  upper  screw  80.202  or  A. 

Upper  scale . 

.  80.33 

Upper . 

.  73.73 

Lower . 

. .  73.85 

Set  upper  screw  to . 

Temperature,  73^. 

. 76.96 

Middle . 

Temperature,  73^.8. 

.  77.09 

0. 

1. 

1. 

2. 

74.507 

55.681 

74.431 

55.506 

516 

583 

429 

498 

616 

583 

428 

494 

521 

593 

432 

500 

516 

588 

430 

498 

513 

585 

429 

500 

510 

582 

429 

500 

514 

588 

430 

499 

508 

583 

429 

496 

508 

584 

431 

498 

Mean..  74.513 

Difference _  18.928 

55.585 

Mean..  74.430 

Difference _  18.931 

55.499 

2  to  3. 

3  to  4. 

Upper  scale . 

.  80.34 

Upper  scale . 

. 80.24 

Lower . 

.  73.84 

Lower  . 

.  73.76 

77.09 

77.00 

Temperature,  73^.5. 

Temperature,  73^.5. 

2. 

3-  . 

3. 

4. 

74.604 

55.679 

74.255 

55.322 

610 

686 

257 

317 

604 

682 

259 

327 

602 

680 

266 

320 

604 

679 

264 

322 

606 

680 

266 

318 

606 

679 

260 

322 

602 

678 

261 

326 

606 

675 

262 

322 

601 

677 

Mean..  74.605 

55.680 

Mean..  74.261 

55.321 

Difference -  18.925 

Difference _  18.940 

^  Called  O  formerly. 
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4  to  5.  5  to  6. 

Upper  scale .  79.83  Upper  scale . 

Lower  scale .  73.42  Lower  scale . 


79.80 

73.34 


76.63  76.57 

Temperature,  73^.5.  Temperature,  73^.3. 


4. 

5. 

5. 

6. 

74.602 

55.556 

74.677 

55.682 

495 

556 

575 

683 

493 

550 

581 

683 

490 

667 

577 

686 

497 

668 

578 

685 

494 

661 

577 

686 

493 

668 

576 

678 

497 

664 

576 

679 

497 

657 

678 

679 

493 

556 

576 

678 

Mean..  74.495 

66.656 

Mean..  74.677 

55.682 

Difference  .... 

18.939 

Difference  .... 

18.895 

6  to  7. 

► 

7  to  8. 

Upper  scale. . 

......  79.79 

Upper.scale. . 

.  79.79 

Lower  scale . . 

. 73.32 

Lower  scale. . 

.  73.33 

76.56 

76.66 

Temperature,  73o.4. 

Temperature,  73^.4. 

6. 

7. 

7. 

8. 

74.426 

65.488 

74.498 

66.678 

424 

484 

494 

676 

422 

488 

496 

676 

424 

486 

498 

678 

426 

490 

602 

671 

426 

486 

499 

672 

422 

480 

496 

679 

426 

484 

496 

580 

426 

489 

498 

677 

427 

483 

499 

686 

Mean..  74.425 

55.486 

Mean..  74.498 

66.677 

Difference  .... 

18.939 

Difference  .... 

18.921 
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8  to  9. 

9  to  10. 

Upper  scale . 

. 79.78 

Upper  scale . 

.  79.78 

Lower  scale . 

.  73.32 

Lower  scale . 

.  73.30 

76.65 

76.64 

Temperature,  73o.O. 

Temperatore,  73o.6. 

8. 

9. 

9. 

10. 

74.424 

65.498 

74.466 

66.547 

423 

494 

458 

545 

421 

493 

458 

543 

424 

492 

463 

647 

420 

492 

468 

550 

421 

492 

458 

647 

421 

496 

459 

649 

420 

497 

462 

549 

426 

491 

463 

651 

424 

496 

463 

544 

Mean..  74.422 

55.494 

Mean..  74.462 

66.647 

Difference -  18.928 

Difference _  18.916 

Bepetition  of  measoie  5  to  6. 

* 

Upi)er  scale. . 

.  79.77 

Lower  scale... 

. 73.16 

76.46 

Temperature,  73o.8. 

6. 

6. 

74.474 

66.577 

474 

676 

468 

674 

472 

672 

476 

672 

476 

673 

477 

676 

474 

676 

475 

678 

469 

673 

Mean..  74.473 

66.575 

Difference .... 

18.898 

First  diff  erence 

18.895 

Mean . 

18.897 
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The  probable  errors  of  these  measures,  as  calculated  from  the  sums  of  the  residuals,  and  from 
the  sums  of  their  squares,  are  shown  in  the  following  table: 


Line. 

Probable  error  of  one  pointing  in 
of  rev. 

From  [A] 

From  [A*] 

Mean. 

0 

2.4 

3.1 

2.8 

1 

2.5 

2.6 

2.5 

1 

1.0 

0.8 

0.9 

2 

1.9 

2.0 

2.0 

2 

1.9 

1.8 

L8 

3 

1.9 

2.0 

2.0 

3 

2.8 

2.6 

2.6 

4 

2.0 

2.2 

2.1 

4 

2.2 

2.2 

2.2 

5 

1.7 

1.9 

L8 

.  6 

1.1 

1.2 

1.2 

5 

2.2 

2.0 

2.1 

6 

2.4 

2.2 

2.3 

6 

L2 

L2 

L2 

6 

1.6 

L6 

L5 

7 

2.2 

2.1  , 

2.1 

7 

L4 

1.5 

1.5 

8 

2.6 

2.7 

2.7 

8 

L6 

1.4 

L6 

9 

1.9 

L7  1 

1.8 

9 

2.9 

2.6  1 

2.7 

10 

1.8 

L8 

1.8 

Miean... 

1.96 

L95 

1.95 

It  appears  from  this  that  the  probable  error  of  the  measure  of  one  centimeter  by  10  pointings 
on  each  of  its  limiting  lines  is  only  ±  1.95  thousandths  of  a  revolution  or  0.46  micron.  The 
values  of  the  different  centimeters  of  the  scale,  according  to  Mr.  Schott’s  measures,  are  as  follows: 


Centimeter. 

Length  in — 

^ _ 1 _ 

Bevolntions. 

Tme  oenti- 
metei^. 

Oto  1 

18.928 

1.0061 

Ito  2 

18.931 

L0003 

2to  3 

18.925 

0.9999 

3to  4 

1&939 

1. 0007 

4to  5 

18.939 

1.0007 

5to  6 

18.897 

0.9985 

6to  7 

1&939 

1.0007 

7to  8 

la  921 

0.9997 

8to  9 

ia928 

1. 0001 

9  to  10 

18. 915 

0.9994 

Mean  .... 

ia926 

2.  Glass  centimeter j  No,  1,  and  other  scales  ruled  upon  RutherfurWs  machine, — ^This  centimeter  was 
ruled  upon  the  best  ruling-machine  of  L.  M.  Rutherfurd.  It  is  upon  a  piece  of  glass  0.20  cm.  thick, 
3.5  cm.  broad,  and  3.6  cm.  long.  Though  used  January  16, 1878,  it  is  marked  Jan.  18, 1878,  No.  1, 
18\2^^  rev.”  The  lines  upon  this  scale  are  about  2  cm.  long  and  one  micron  broad.  They  are  filled 
with  black  lead  and  varnished  over.  The  limiting  lines  of  the  centimeter  are  each  midway  between 
two  bundles  of  10  lines  each,  distant  from  one  another  by  rev.  The  limiting  lines  are  distant 
rev.  from  the  nearest  lines  of  the  bundles.  The  extremities  of  the  limiting  lines  are  marked 
by  crosses  roughly  cut  by  hand.  The  measures  are  to  be  made  over  a  longitudinal  line,  which  is 
marked  by  crosses  at  the  two  ends. 
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On  January  16, 1878,  this  centimeter  was  superposed  face  to  face,  upon  the  centimeter  5  to  6  on 
the  upper  scale  glass  decimeter-scale  of  centimeters.  The  difference  was  measured  upon  a  Rutherfurd 
Screw-micrometer. 


Beginning  of  cm. : 


Bnd  of  cm. : 


Cm.  No.  1. 

U.  S.  5^. 

r 

r 

83.405 

83.336 

.406 

.334 

• 

.404 

.334 

r 

83.405 

83.335 

Dift;  =  0.070 

64.495 

64.451 

.494 

.447 

.491 

.449 

64.493 

64.449 

DifF.  =  0.044 

Cm.  No.  1  longer  than  5-6 .  .  0.026 

Cm.  U.  S.  5-6,  too  short  by . .  0.029 

Cm.  No.  1  too  short  by . .  0.003 

Cm.  No.  1 .  =  0.9998  cm. 


Repetition  of  the  same  comparison. 


Beginning  of  cm. : 


Cm.  No.  1. 

U.  S.  5^. 

r 

r 

64.679 

64.630 

.681 

.634 

.686 

.634 

64.682 

64.633 

End  of  cm.: 


83.596 

83.518 

.597 

.517 

.595 

.516 

83.596 

83.517 

r 

Diff.  =  0.049 


Diff.  -  0.079 


Cm.  No:  1  longer  than  5-6 . . .  0.030 

Cm.  U.  S.  5-6,  too  short  by . .  0.029 


Cm.  No.  1  too  long  by .  0.001 

Cm.No.  1 .  =  1.0001 

Mean  of  two^comparisons .  0.9999 
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Comparison  of  Cm.  No.  1  mth  U.  8.  3-4. 


Beginning  of  cm. : 


End  of  cm. : 


U.  S.  3-4. 
r 

.476 

.475 

.474 


.475 


.552 

.552 

.553 


.552 


Cm.  No.  1. 
r 

.433 

.433 

.432 


.433 


.516 

.517 

.518 


.517 


r 

Diff.  =  0.042 


Diff.  =  0.035 


Cm.  No.  1  shorter  than  U.  S.  3-4 .  0.007 

U.  S.  3-4  too  long .  0.013 

Cm.  No.  1  too  long .  0.006 

Cm.  No.  1  .  =  1.0003 


Beginning  of  cm. : 


End  of  cm. : 


RepeUtum  of  comparison^  with  low  power. 

U.  8.  3-4. 

Cm.  No.  1. 

r 

r 

.530 

.042 

.532 

.040 

.532 

.040 

.531 

.041  Diff. 

.452 

.956 

.452 

.958 

.453 

.955 

.452 

.955 

Diff. 

r 

B  0.490 


=  0.496 


Cm.  No.  1  shorter  than  U.  8.  3-4 .  0.006 

U.  8.  3-4  too  long .  0.013 

Cm.  No.  1  too  long .  0.007 

Cm.  No.  1 . .  .  =  1.0004 

Mean  of  comparisons  with  U.  8.  3-4 . . .  1.0003 

Mean  of  comparisons  with  U.  8.  5-6 .  .9999 

Mean  of  both  cm.  No.  1 .  .  =  1.0001 
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On  1878,  Janua^  17,  measures  were  made  on  the  same  Rutherfui'd  screw-micrometer,  using 
revolutions  55^  to  150^,  of  the  U.  S.  5  centimeters  from  0  to  5,  the  5  centimeters  from  5  to  10,  and 
also  five  measures  of  the  Cm.  No.  1,  so  as  to  cover  the  same  part  of  the  screw. 


5. 

XJ.  S.  i  decimeter  5  to  10. 

10. 

5. 

r. 

r. 

r. 

150.180 

55.652 

150.183 

.181 

.653 

.184 

.181 

.654 

.185 

% 

160.181 

55.653 

150.184 

Difference  94.529 

6. 

XJ.  S.  J  decimeter  5  to  0. 

0. 

5. 

r. 

.r. 

r. 

160.646 

56.054 

150.638 

.647 

.054 

.635 

.646 

.054 

.635 

160.646 

56.054 

160.636 

Difference  94.587 

After  a  complete  readjustment  the  measures  were  repeated.  ‘‘Filar  10”  and  “Filar  8”  signify 
two  different  positions  of  the  cross- wire. 

U.  S.  i  decimeter  5  to  10, 


Filar  10. 

10. 

6. 

10. 

r. 

r. 

r. 

66.663 

160.181 

65.659 

.666 

.180 

.662 

.667 

.1^ 

.662 

55.665 

150.180 

55.661  Difference  94.517 

Filar  8. 

r. 

f. 

r. 

56.054 

150.574 

56.052 

.053 

.571 

.052 

.053 

.572 

.051 

56.053 

160.672 

56.052  Difference  94.519 

Mean  94.518 

U.  S.  J  decimeter  0  to  6. 

Filar  10. 

0. 

6. 

0. 

r. 

r. 

r. 

55.647 

150.231 

55.655 

.653 

.229 

.655 

.656 

.228 

.657 

55.652 

150.229 

55.656  Difference  94.575 

Filar  8. 

r. 

r., 

r. 

56.041 

150.615 

56.044 

.038 

.614 

.044 

.041 

.617 

.044 

56.040 

150.615 

66.044  Difference  94.573 

ifex.  37- 


Mean  94.674 
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First  Dieasnre. 

Second  measure! 

Mean. 

r. 

r. 

r. 

Oto  5 . 

94.587 

94.574 

94.580 

6  to  10 . 

.  94.529 

94.518 

94.524 

Difference . 

.058 

.056 

Diff.  in  microns , 

31 

30 

Diff.  microns,  according  to  Schott,  33 


Cm,  No,  1. 


r. 

Beginning _  150.754  r. 

End .  131.841  Diff.  18.913 

Beginning -  131.485 

End .  112.570  Diff.  18.915 

Beginning -  1 12.684 

End .  93.778  Diff.  18.906 

Beginning _  93.824 

End .  74.913  Diff.  18.911 

Beginning _  74.756 

End .  55.842  Diff.  18.914 


Mean .  18.9118 


Mean  of  decimeter .  18.9104 

etn. 


Length  of  centimeter .  1.0001 

By  measures  of  January  16  .  1.0001 


Concluded  value . .  1.0001 


This  value  has  a  probable  error  of  less  than  yryiiro* 

This  centimeter  is  eipial  to  68094  teeth  of  Rutherfurd’s  machine,  and  as  it  is  yTrirnr 
we  conclude  that  6809  teeth  make  a  centimeter  at  ordinary  temperatures,  say  about  18^  C. 

From  an  investigation  which  will  be  published  elsewhere,  it  has  been  ascertained  that  the 
accidental  error  of  position  of  a  line  ruled  upon  Rutherfurd’s  machine  is  only  iO/^.Ol ;  the  periodic 
error  differs  greatly  on  different  plates,  but  never  amounts  nearly  to  0/*.!.  We,  therefore,  adopt 
the  following  values: 

1  mm.  of  681  teeth  =  1““.0002 
^  mm.  of  68  teeth  =  99^.87 
y4ir  teeth  =  10/‘.28 


ON  THE  TENTHS  OF  MILLIMETERS  AT  THE  ENDS  OF  THE  U.  S.  C.  S.  PENDULUM-METER,  AND  ON 
THE  SCREW-REVOLUTIONS  OF  THE  REPSOLD  VERTICAL  COMPARATOR. 

The  U.  S.  C.  S.  pendulum -meter  is  similar  to  the  German  pendulum  meter  described  in  the 
publication  of  the  Royal  Prussian  Geodetical  Institute  for  1870.  At  one  end,  the  meter  begins 
with  three  lines  ruled  at  distances  of  lOths  of  millimeters.  At  the  other  end  there  is  a  scale  of 
similar  lines.  The  following  tables  show  the  comparison  of  a  part  of  this  scale  with  a  millimeter 
scale  of  tenths  (No.  3)  ruled  upon  Mr.  Rutherfurd’s  machine. 

The  figures  in  parenthesis  indicate  the  order  of  the  pointings. 


1878,  February  4. 

GLASS  SCALE. 


(1) 

mm. 

0.5 

r. 

0.023 

(2) 

mm, 

0.4 

r. 

1.001 

(3) 

(10) 

0.017 

(9) 

1.007 

(8) 

(31) 

0.004 

(32) 

0.999 

(33) 

(40) 

0.007 

(39) 

1.000 

•  (38) 

0.013 

1.002 

mm. 

0.3 

r. 

1.987 

(4) 

mm. 

0.2 

r. 

2.983 

(5) 

mm. 

0.1 

r. 

3.981 

1.990 

(7) 

2.986 

(6) 

3.990 

1.980 

(34) 

2.981 

(35) 

3.969 

1.976 

(37) 

2.972 

(36) 

3.968 

1.983 

2.980J 

3.977 
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METAL  SCALE. 

tn. 

m. 

m. 

m. 

m. 

1.0002 

1.0001 

[l.OOOO 

0.0999 

0.9998 

r. 

r. 

r. 

r. 

r. 

(11) 

1.988 

(12) 

0.985 

(13)  1.983 

(14) 

2.973 

(15) 

3.976 

(20) 

iT995 

(19) 

0.988 

(18)  1.978 

(17) 

2.984 

(16) 

3.971 

(21) 

0.000 

(22) 

0.982 

(23)  1.990 

(24) 

2.986 

(25) 

3.968 

(30) 

1.999 

(29) 

0.992 

(28)  1.985 

(27) 

2.986 

(26) 

3.975 

l994J 

0.987 

1.984 

2.982 

3.971 

SECOND  SERIES. 

GLASS  SCALE. 

mm. 

mm. 

mm. 

mm. 

mm. 

0.5 

0.4 

0.3 

0.2 

0.1 

r. 

r. 

r. 

r. 

r. 

(1) 

0.045 

(2) 

1.024 

(3)  2.030 

(4) 

3.037 

(5) 

4.023 

(10) 

#.061 

(9) 

1.042 

(8)  2.039 

(7) 

3.030 

(6) 

4.024 

(31) 

0.011 

(32) 

1.019 

(33)  2.003 

(34) 

3.010 

(35) 

4.001 

(40) 

0.041 

(39) 

1.020 

(38)  2.011 

(37) 

3.009 

(36) 

4.000 

0.039^ 

1.026 

2.021 

3.021J 

4.012 

METAL  SCALE. 

m. 

m. 

m. 

m. 

m. 

1.0002 

1.0001 

1.0000 

0.9999 

0.9998 

r. 

r. 

r. 

r. 

r. 

(11) 

1.969 

(12) 

0.973 

(13)  1.970 

(14) 

2.972 

(15) 

3.962 

(20) 

1.989 

(19) 

0.990 

(15)  1.974 

(17) 

2.967 

(16) 

3.054 

(21) 

1.987 

(22) 

0.986 

(23)  1.980 

(24) 

2.976 

(25) 

3.969 

(30) 

1.980 

(29) 

0.980 

(28)  1.969 

(27) 

2.974 

(26) 

3.065 

1.981 

0.982 

1.973 

2.972 

3.962J 

February  5. 

THIRD  SERIES. 

GLASS  SCALE. 

mm. 

mm. 

mm. 

mm. 

mm. 

0.5 

0.4 

0.3 

0.2 

0.1 

r. 

r. 

r. 

r. 

r. 

(1) 

0.005 

(2) 

0.991 

(3)  1.979 

(4) 

2.990 

(5) 

3.994 

(10) 

1.995 

(9) 

0.995 

(8)  1.993 

(^). 

2.990 

(6) 

3.971 

(31) 

1.981 

(32) 

0.980 

(33)  1.969 

(34) 

2.965 

(35) 

3.978 

(40) 

1.989 

(39) 

0.986 

(38)  1 974 

(37) 

2.971 

(36) 

3.972 

I.992J 

0.988 

1.979 

2.979 

3.979 

METAL  SCALE. 

m. 

m. 

m. 

m. 

m. 

1.0002 

1.0001 

1.0000 

0.9999 

0.9998 

r. 

r. 

r. 

r. 

r. 

(11) 

1.982 

(12) 

0.992 

(13)  1.978 

(14) 

2.980 

(15) 

3.974 

(20) 

0.001 

(19) 

1.000 

(18)  1.990 

(17) 

2.990 

(16) 

3.972 

(21) 

0.001 

(22) 

1.006 

(23)  1.992 

(24) 

2.988 

(25) 

3.973 

(30) 

0.004 

(29) 

0.997 

(28)  1.991 

(27) 

2.986 

(26) 

3.977 

1.997 

0.999 

1.988 

2.986 

3.974 
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FOURTH  SERIES. 

GLASS  SCALE. 


mm. 

mm- 

mm. 

mm. 

mm. 

0.5 

0.4 

0.3 

0.2 

0.1 

r. 

r. 

r. 

r. 

r. 

(1) 

0.036 

(2) 

1.049 

(3)  2.020 

w 

3.011 

(5) 

4.019 

(10) 

0.037 

(3) 

1.028 

(8)  2.012 

(7) 

3.016 

(3) 

4.024 

(31) 

0.021 

(32) 

1.017 

(33)  2.000 

(34) 

3.000 

(35) 

4.098 

(40) 

0.037 

(30) 

1.023 

(38)  2.000 

(37) 

2.999 

(30) 

3.996 

0.033 

1.029 

2.008 

3.006i 

4.012 

METAL  SCALE. 

m. 

m. 

m. 

m. 

m. 

1.0002 

1.0001 

1.0000 

0.9999 

0.9998 

r. 

r. 

r. 

r. 

r. 

(11) 

i.992 

(12) 

0.990 

(13)  1.992 

(14) 

2.982 

(15) 

3.978 

(20) 

1.994 

(10) 

0.996 

(18)  1.986 

(17) 

2.982 

(16) 

3.973 

(21) 

1.999 

(22) 

0.995 

(23)  1.985 

(24) 

2.989 

(25) 

3.974 

(:w)) 

1.999 

(20) 

1.000 

(28)  1.993 

(27) 

2.985 

(26) 

3.974, 

1.996 

0.995 

1.989 

2.982 

3.975 

February  6. 

FIFTH  SERIES. 

GLASS.  SCALE. 

mm. 

mm. 

mm. 

mm. 

mm. 

0.5 

0.4 

0.3, 

0.2. 

0.1 

r. 

r. 

r. 

(1) 

T.990 

(2) 

0.983 

(3)  1.981 

(4) 

2.999 

(5) 

3.987 

(10) 

1.989 

(9) 

0.986 

(8)  1.980 

(7) 

2.990 

(6) 

3.980 

(31) 

1.953 

(32) 

0.969 

(33)  1.968 

(34) 

2.977 

(35) 

3.969 

(40) 

1.970 

(30) 

0.970 

(38)  1.951 

(37) 

2.962 

(36) 

3.973 

1.975^ 

0.977 

1.970 

2.980 

3.977 

METAl.  SCAI^. 

m. 

m. 

m. 

m. 

1.0002 

1.0001 

1.0000 

0.9999 

0.9998 

r. 

r. 

r. 

r. 

r. 

(11) 

1.982 

(12) 

0.985 

(13)  1.984 

(14) 

2.978 

(15). 

3.972 

(20) 

1.994 

(19) 

0.990 

(18)  1.982 

(17) 

2.980 

(16) 

3.970 

(21) 

1.992 

(22) 

0.990 

(23)  1.983 

(24) 

2.981 

(25) 

3.972 

(30) 

1.996 

(29) 

0.994 

(28)  1.989 

(27) 

2.981 

(26) 

3.972 

1.991 

0.990 

1.985 

2.980 

3.971i 

SIXTH  SERIES. 

QI^S  SCALEj 

mm. 

mm. 

mm. 

mm. 

mm. 

0.5 

0.4 

0.3 

0.2 

0.1 

r. 

r. 

r. 

r. 

r. 

(1) 

0.020 

(2) 

1.007 

(3)  1.999 

(4) 

2.990 

(5) 

3.986 

(10) 

0.024 

(9) 

1.0X0 

(8)  1.998 

(7) 

2.991 

(6) 

4.000 

(31) 

T.985 

(32) 

0,979 

(33)  1.976 

(34) 

2.973 

(35) 

3.970 

(40) 

0.002 

(39) 

0.990 

(38)  1.968 

(37) 

2.982 

(36) 

3.980 

0.008 

0.996^ 

1.985 

2.984 

3.984 
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SIXTH  SERIES— Continued. 


METAL 

SCALE. 

m. 

m. 

m. 

m. 

m. 

1.0001 

1.0000 

0.9999 

0.9998 

0.9997 

r. 

r. 

r. 

r. 

- 

r. 

(11) 

0.001 

(12) 

0.993 

(13) 

1.996 

(14) 

2.990 

(15) 

4.010 

(20) 

0.012 

(19) 

1.001 

(18) 

1.996 

(17) 

2.990 

(10) 

4.019 

(21) 

0.009 

(22) 

1.000 

(23) 

1.995 

(24) 

2.984 

(25) 

4.023 

(30) 

0.008 

(29) 

0.997 

(28) 

1.997 

(27) 

2.984 

(20) 

4.019 

O.OOTi 

0.998 

1.996 

2.987 

4.018 

February  7. 

SEVENTH 

[  SERIES. 

GLASS 

SCALE. 

mm. 

mm. 

7nm. 

mvi. 

mm. 

0.5 

0.4 

0.3 

0.2 

0.1 

r. 

r. 

r. 

r. 

r. 

(1) 

0.026 

(2) 

1.022 

(•■i) 

2.016 

(4) 

3.005 

(5) 

4.013 

(10) 

0.032 

(9) 

1.020 

(8) 

2.004 

(7) 

3.023 

(«) 

4.010 

(31) 

1.982 

(32) 

0.972 

(33) 

1.962 

(34) 

2.962 

(35) 

3.960 

(40) 

1.990 

(39) 

0.981 

(38) 

1.965 

(37) 

2.969 

(30) 

3.980 

O.OOTi 

1.019 

1.987 

2.990 

3.991 

METAL 

SCALJ*:. 

m. 

m. 

m. 

m. 

m. 

1.0001 

1.0000 

0.9999 

0.9998 

0.9997 

r. 

r. 

r. 

r. 

(11) 

0.018 

(12) 

1.021 

(13) 

2.018 

(14) 

3.008 

(15) 

4.036 

(20) 

0.023 

(19) 

1.030 

(18) 

2.020 

(17) 

3.007 

(16) 

4.035 

(21) 

0.021 

(22) 

1.023 

(23) 

2.015 

(24') 

3.012 

(25) 

4.039 

(30) 

0.019 

(29) 

1.025 

(28) 

2.011 

(27) 

3.003 

(26) 

4.031 

0.020 

1.025 

2.016 

3.007i 

4.035 

EIGHTH 

SERIES. 

GLASS 

SCALE. 

mm. 

mm. 

mm. 

mm. 

mm. 

0.5 

0.4 

0.3 

0.2 

0.1 

r. 

r. 

r. 

r. 

r. 

(1) 

0.020 

(2) 

1.014 

(-■5) 

1.990 

(1) 

2.995 

(5) 

3.997 

(10) 

0.011 

(9) 

1.004 

(8) 

1.994 

(7) 

2.996 

(6) 

3.995 

(31) 

1.983 

(32) 

0.980 

(33) 

1.977 

(34) 

2.976 

(35) 

3.976 

(40) 

0.003 

(39) 

1.000 

(38) 

1.980 

(37) 

2.978 

(36) 

3.976 

0.004 

0.999^ 

1.985 

2.986 

3.986 

METAL 

SCALE. 

m. 

m. 

m. 

m. 

m. 

1.0001 

1.0000 

0.9999 

0.9998 

0.9997 

r. 

r. 

r. 

r. 

r. 

(11) 

0.005 

(12) 

1.013 

(13) 

2.000 

(14) 

2.995 

(15) 

4.019 

(20) 

0.011 

(19) 

1.016 

(18) 

2.010 

(17) 

2.995 

(16) 

4.019 

(21) 

0.010 

(22) 

1.013 

(23) 

2.004 

(24) 

2.997 

(25) 

4.019 

(;30) 

0.013 

(29) 

1.007 

(28) 

2.007 

(27) 

3.003 

(26) 

4.021 

0.010 

1.012 

2.005 

2.997i 

4.019^ 
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REPOKT  OF  THE  SUPEEINTENDENT  OF 


February  8. 
NINTH  SERIES. 

GLASS  SCALE. 


mm. 

mm. 

mm. 

mm. 

mm. 

0.5 

0.4 

0.3 

0.2 

0.1 

r. 

r. 

r. 

r. 

r. 

(1) 

0.034 

(2) 

1.034 

(3) 

2.033 

(4) 

3.025 

(5) 

4.011 

(10) 

0.038 

(9) 

1.022 

(8) 

2.021 

(7) 

3.028 

(6) 

4.016 

(31) 

0.006 

(32) 

1.003 

(33) 

1.990 

(34) 

2.983 

(35) 

3.993 

(40) 

0.009 

(39) 

1.000 

(38) 

1.995 

(37) 

2.990 

(36) 

3.993 

0.022 

1.015 

2.010 

3.006i 

4.003 

METAL 

SCALE. 

m. 

m. 

m. 

m. 

m. 

1.0001 

1.0000 

0.9999 

0.9998 

0.9997 

r. 

r. 

r. 

r. 

r. 

(11) 

0.020 

(12) 

1.020 

(13) 

2.014 

(14) 

3.011 

(15) 

4.036 

(20) 

0.029 

(19) 

1.023 

(18) 

2.019 

(17) 

3.012 

(16) 

4.036 

(21) 

0.030 

(22) 

1.024 

(23) 

2.016 

(24) 

3.010 

(25) 

4.031 

(30) 

0.018 

(29) 

1.024 

(28) 

2.010 

(27) 

3.011 

(26) 

4.031 

0.024 

1.023 

2.015 

3.011 

4.033i 

February  10. 
TENTH  SERIES. 

GLASS  SCALE. 


mm. 

mm. 

mm. 

mm. 

mm. 

0.5 

0.4 

'0.3 

0.2 

0.1 

r. 

r. 

r. 

r. 

r. 

(1) 

0.006 

(2) 

1.001 

(3) 

1.990 

(4) 

2.989 

(5) 

4.007 

(10) 

0.029 

(») 

li)10 

(8) 

2.009 

(7) 

2.993 

(6) 

4.012 

(31) 

0.000 

(32) 

1.010 

(33) 

2.003 

(34) 

3.000 

(35) 

4.013 

(40) 

0.026 

(39) 

1.018 

(38) 

2.009 

(37) 

3.004 

(36) 

4.018 

0.015 

1.010 

2.003 

2.996i 

4.012^ 

METAL 

SCALE. 

m. 

m. 

m. 

m. 

m. 

1.0001 

1.0000 

0.9999 

0.9998 

0.9997 

r. 

r. 

r. 

r. 

r. 

(11) 

0.046 

(12) 

1.041 

(13) 

2.042 

(14) 

3.023 

(15) 

4.054 

(20) 

0.050 

(19) 

1.041 

(18) 

2.041 

(17) 

3.023 

(16) 

4.055 

(21) 

0.044 

(22) 

1.043 

(23) 

2.040 

(24) 

3.032 

(25) 

4.052 

(30) 

0.043 

(29) 

1.049 

(28) 

2.036 

(27) 

3.026 

(26) 

4.059 

0.046 

1.043i 

2.040 

3.026 

4.055 

February  11. 
ELEVENTH  SERIES. 


GLASS  SCALE. 


(1) 

mm. 

0.5 

0.034 

(2) 

mm. 

0.4 

r. 

1.024 

(3) 

mm. 

0.3 

r. 

2.003 

(4) 

mm. 

0.2 

r. 

3.010 

•(5) 

mm. 

0.1 

r. 

4.022 

(10) 

0.024 

(9) 

1.018 

(8) 

2.006 

(7) 

3.010 

(6) 

4.014 

(31) 

1.969 

(32) 

0.974 

(33) 

1.964 

(34) 

2.964 

(35) 

3.976 

(40) 

1.985 

(39) 

0.972 

(38) 

1.964 

(37) 

2.974 

(36) 

3.980 

0.003 

0.997 

1.984 

2.989J 

3.998 
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ELEVENTH  SERIES— Continued. 


METAL  SCALE. 


m. 

m. 

m. 

m. 

m. 

1.0000 

0.9999 

0.9998 

0.9997  ^ 

0.9996 

r. 

r. 

r. 

r. 

r. 

(11) 

0.021 

(12) 

1.025 

(13) 

2.011 

(14) 

3.041 

(15) 

4.028 

(20) 

0.034 

(19) 

1.019 

(18) 

2.019 

(H) 

3.041 

(16) 

4.016 

(21) 

0.034 

(22) 

1.025 

(23) 

2.015 

(24) 

3.037 

(25) 

4.015 

(30) 

0.032 

(29) 

1.019 

(28) 

2.014 

(27) 

3.030 

(26) 

4.020 

0.030 

1.022 

2.015 

3.037 

4.020 

TWELFTH  SERIES. 

GLASS 

SCALE. 

mm. 

mm. 

mm. 

mm. 

mm. 

0.5 

0.4 

0.3 

0.2 

0.1 

r. 

r. 

r. 

r. 

r. 

(1) 

0.010 

(2) 

1.001 

(3) 

1.985 

(4) 

2.977 

(5) 

3.975 

(10) 

0.028 

(9) 

1.020 

(8) 

1.992 

(7) 

2.987 

(6) 

3.992 

(31) 

0.000 

(32) 

0.980 

(33) 

1.964 

(34) 

2.960 

(35) 

3.970 

(40) 

0.000 

(39) 

0.993 

(38) 

1.970 

(37) 

2.952 

(36) 

3.970 

O.OOOi 

0.998i 

1.978 

2.969 

3.977 

METAL 

SCALE. 

m. 

m. 

m. 

m. 

m. 

1.0000 

0.9999 

0.9998 

0.9997 

0.9996 

r. 

r. 

r. 

r. 

r. 

(11) 

1.979 

(12) 

0.979 

(13) 

1.965 

(14) 

2.995 

(15) 

3.960 

(20) 

i.996 

(19) 

0.991 

(18) 

1.974 

(17) 

2.995 

(16) 

3.970 

(21) 

i.993 

(22) 

0.985 

(23) 

1.976 

(24) 

2.991 

(25) 

3.965 

(30) 

i.990 

(29) 

0.983 

(28) 

1.964 

(27) 

2.991 

(26) 

3.974 

1.989^ 

0.984J 

1.970 

2.993 

3.967 

THIRTEENTH  SERIES. 

GLASS 

SCALE. 

mm. 

mm. 

mm. 

mm. 

mm. 

0.5 

0.4 

0.3 

0.2 

0.1 

r. 

r. 

r. 

r. 

r. 

(1) 

i.993 

(2) 

0.982 

(3) 

1.964 

(4) 

2.967 

(3) 

3.961 

(10) 

0.010 

(9) 

0.984 

(8) 

1.970 

(7) 

2.970 

(«) 

3.975 

(31) 

1.970 

(32) 

0.974 

(33) 

1.951 

(34) 

2.953 

(35) 

3.966 

(40) 

1.993 

(39) 

0.982 

(38) 

1.968 

(37) 

2.960 

(36) 

3.967 

I.991J 

0.980J 

1.963 

2.962J 

3.967 

METAL 

SCALE. 

m. 

m. 

m. 

m. 

fn. 

1.0000 

0.9999 

0.9998 

0.9997 

0.9996 

r. 

r. 

r. 

r. 

r. 

(11) 

0.041 

(12) 

1.030 

(13) 

2.012 

(14) 

3.037 

(15) 

4.010 

(20) 

0.043 

(19) 

1.030 

(18) 

2.020 

(17) 

3.040 

(16) 

4.010 

(21) 

0.039 

(22) 

1.028 

(23) 

2.013 

(24) 

3.029 

(25) 

4.010 

(30) 

0.039 

(29) 

1.030 

(28) 

2.008 

(27) 

3.030 

(26) 

4.017 

0.Q40i 

1,029J 

2.013 

3.034 

4.012 
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REPORT  OF  THE  SUPERINTENDENT  OF 


Febnmry  12. 
FOURTEENTH  SERIES. 

GLASS  SCALE. 


mm. 

mm. 

mm. 

mm. 

mm. 

0.5 

0.4 

O.ti 

0.2 

0.1 

r. 

r. 

r. 

r. 

(1) 

0.060 

(2) 

1.040 

(3)  2.026 

w 

3.040  (5) 

4.054 

(10) 

0.06:3 

('•*) 

1.060 

(8)  2.037 

(7) 

3.039  (0) 

4.051 

(31) 

0.020 

(32) 

1.014 

(:3;i)  2.007 

(.34) 

3.010  (35) 

4.014 

(40) 

0.033 

(39) 

1.028 

(38)  2.(M)8 

(37) 

3.011  (36) 

4.025 

0.044 

1.035^ 

2.019J 

3.025 

4.036 

METAL  SCALE. 

m. 

m. 

m. 

m. 

m. 

1.0000  . 

0.9999 

0.9998 

0.9997 

0.9996 

r. 

r. 

r. 

r. 

r. 

(11) 

0.021 

(12) 

1.016 

(13)  2.000 

(14) 

3.028  (15) 

4.006 

(20) 

0.019 

(19) 

1.029 

(18)  2.010 

(17) 

3.0:10  (16) 

3.996 

(21) 

o.o;36 

(22) 

1.022 

(23)  2.013 

(24) 

3.036  (25) 

4.003 

(30) 

0.031 

(29) 

1.019 

(28)  1.99() 

(27) 

3.020  (2(») 

4.006 

0.027 

1.02H 

2.005 

3.028i 

4.003 

FIITEENTH  SERIES. 

GLASS  SCALE. 

mm. 

mm. 

mm. 

mm. 

mm. 

0.5 

0.4 

0.3 

0.2 

0.1 

r. 

r. 

r. 

r. 

r. 

(1) 

0.020 

(2) 

1.002 

(3)  2.003 

(4) 

3.008  (5) 

3.997 

(10) 

0.018 

(») 

1.019 

(8)  2.001 

(7) 

3.004  (6) 

3.992 

(31) 

1.989 

(32) 

0.980 

(33)  1.984 

(34) 

2.982  (35) 

3.976 

(40) 

0.012 

(39) 

0.999 

(38)  1.974 

(37) 

2.980  (36) 

3.979 

0.010 

1.000 

2.993^ 

3.986 

METAL  SCALE. 

m. 

m. 

m. 

m. 

m. 

1.0000 

0.9999 

0.9998 

0.9997 

0.9996 

r. 

r. 

r. 

r. 

r. 

(11) 

0.019 

(12) 

1.016 

(13)  1.994 

(14) 

3.025  (15) 

4.004 

(20) 

0.028 

(19) 

1.027 

(18)  2.(K>0 

(17) 

3.035  (16) 

4.005 

(21) 

0.030 

(22) 

1.022 

(23)  2.013 

(24) 

3.027  (25) 

4.004 

(30) 

0.026 

(29) 

1.024 

(28)  2.010 

(27) 

3.024  (26) 

4.006 

0.026 

1.022 

2.(K)6 

3.028 

4.005 

following  tables  exhibit  the  results  of  all  these  measures : 

GLASS  SCALE. 

mm.  mm. 

mm.  mm.  mm.  mm.  mm.  mm, 

0.5  to  0.4 

0.4  to  0.3 

0.3  to  0.2  0.2  to  0.1 

r. 

r. 

r. 

r. 

First  series  . . 

.  0.989 

0.981  J 

0.997 

0.996J 

Second  series 

.  0.987 

0.994A 

1.001 

0.990i 

Third  series. . 

....  0.985A 

0.991 

1.000 

1.000 

Fourth  series 

.  0.986^ 

0.979 

0.998J 

1.005 

Fifth  series  . . 

. 

_  l.OOli 

0.993 

1.010 

1.000 

Mean . , 

.  0.994 

0.988 

1.001 

0.998 
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Glass  Scalb — Continned. 


mm.  mm. 

mm.  mm. 

mm.  mm. 

mm.  mm. 

0.5  to  0.4 

0.4  to  0.3 

0.3  to  0.2 

0.2  to  0.1 

r. 

r. 

r. 

r. 

Sixth  series . 

.  0.989 

0.989 

0.999 

1.000 

Seventh  series . 

.  0.986 

0.988 

1.003 

1.001 

Eighth  series  1 . 

.  0.995 

0.986 

1.001 

1.000 

Ninth  series . 

.  0.993i 

0.995 

0.997 

0.997 

Tenth  series . 

.  0.994i 

0.993 

0.994 

1.016 

Mean . 

.  0.992 

0,990 

0.999 

1.003 

r. 

r. 

r. 

r. 

Eleventh  series . 

.  0,994 

0.987 

1.005 

1.008J 

Twelfth  series . 

.  0.989 

0.979 

0.991 

1.008 

Thirteenth  series . 

.  0.989 

0.982i 

0.999 

1.005 

Fourteenth  series . 

.  0.991i 

0.984 

1.005J 

1.006 

Fifteenth  series . . . 

.  0,990 

0.990i 

1.003 

0.992J 

Mean . 

0,991 

0.985 

1.001 

1.004 

Mean  of  16 . ;  . 

.  0.992 

0.988 

1.000 

1.002 

Probable  error  of  a  mean  of  16  = 

±  O'.OOl. 

METAL  SCALE. 

m. 

m. 

m. 

m. 

1.0002 

1.0001 

1.0000 

0.9999 

to  1.0001 

to  1.0000 

to  0.9999 

to  0.9998 

r. 

r. 

r. 

r. 

First  series . 

.  .  0.989 

0.997 

0.998 

0.990 

Second  series . 

.  1.001 

0.991 

0.999 

0.990 

Third  series . . .  . 

_ _  1.002 

0.989 

0.998 

0.988 

Fourth  series . 

.  0,999 

0.994 

0.993 

0.992i 

Fifth  series . 

.  0,999 

0.996 

0.995 

0.991J 

Mean . 

.  0,998 

0.993 

0.997 

0.990 

m. 

m. 

m. 

m. 

1.0001 

1.0000 

0.9999 

0.9998 

to  1.0000 

to  0.9999 

to  0.9998 

to  0.9997 

r. 

r. 

r. 

r. 

Sixth  series . 

.  0.990 

0.998 

0.991 

1.031 

Seventh  series . 

.  1,004J 

0.991 

0.991i 

1.027i 

Eighth  series . 

.  1.002^ 

0.993 

0.992 

1.022 

Ninth  series .  . 

.  l.OOli 

0.992 

0.996 

1.022i 

Tenth  series . 

.  0.998 

0.996 

0.986 

1.029 

Mean . 

.  0.999 

0.994 

0,991 

1.026 

S.  Ex.  37 - 38 
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REPOBT  OP  THE  SUPERDfrENDENT  OF 


Mktal  Scale — ContiDued. 


III. 

III. 

m. 

IK. 

1.0000 

0.9999 

0.9998 

0.9997 

to  0.9999 

to  0.9998 

to  0.9997  to  0.9990 

r. 

r. 

r. 

r. 

Eleventh  series . 

.  0.992 

0.993 

1.022i 

0.982J 

Twelfth  series . 

.  0.995 

0.985 

1.023 

0.978 

Thirteenth  series . 

.  0,989 

0.984 

1.021 

0.978 

Fourteenth  series .  . . 

.  0.992 

0.986 

1.024 

0.974 

Fifteenth  series . 

.  0.996J 

0.983 

1.022 

0.977 

Mean .  . 

.  0,993 

0.986 

1.022J 

0.978 

Probable  error  of  a  mean  of  15  = 

0^0006. 

The  following  hible  shows  the  apparent  inequalities  of  different  revolutions  of  the  screws 

Exce.s8  of  measure 

on 

_ 

- 

1*^  to  2^ 

to  3^ 

3^  to  4" 

- 

“v - 

Over  measure  on 

A 

- 

0*^  to 

to  2^ 

2*^  to  3'^ 

m.  m. 

r. 

1.0001  to  1.0000 

^  -  0.006 

r. 

1.0000  to  0.9999 

"  +  0.001 

+  0.003 

r. 

0.9999  to  0.9998 

+  0.005 

—  0.001 

0.9999  to  0.9997 

+  0.003i 

Mean . 

-  0.002i 

+  0.004 

+  0.001 

By  glass  scale . . 

-  0.004 

+  0.012 

+  0.002 

These  results  accord  in  showing  certain  inequalities  in  different  parts  of  the  screw;  but  I  shall 
neglect  these  as  being  of  no  importance  for  the  measures  of  the  pendulum.  There  would  seem, 
from  these  measures,  to  be  an  inequality  in  the  spaces  on  the  glass  scale ;  but  measures  made  with 
a  higher  power  have  proved  that  these  are  simply  due  to  constant  errors  of  judgment  in  bisecting 
the  lines  on  glass. 

The  mean  value  of  the  divisions  of  the  glass  scale  (giving  the  middle  two  double  weight, 
according  to  the  requirement  of  the  theory  of  least  squares)  is  0^9^)5,  whence  we  may  assume 

yV  millimeter  =  0^996. 

This  gives  us  for  the  spaces  on  the  metallic  scale 


m. 

1.0002 
to  1.0001 

m. 

1.0001 
to  1.0000 

m. 

1.0000 
to  0.9999 

m. 

0.9999 
to  0.9998 

m. 

0.9998 
to  0.9997 

III. 

0.9997 
to  0.9996 

mm. 

0.1002 

mm. 

0.0997 

0.1003 

mm. 

0.1001 

0.0998 

0.0997 

mm. 

0.0994 

0.0995 

0.0990 

mm. 

0.1030 

0.1026 

mm. 

0.0982 

0.1002 

0.1000 

0.0999 

0.0993 

0.1028 

0,0982 
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The  following  are  comparisons  of  the  spaces  between  the  three  lines  at  the  beginning  of  the 
meter  with  those  between  the  lines  O'”"*.!,  of  the  same  glass  scale : 


First  comparison.  Second  comparison.  Temp.j  13^.5  C. 


GLASS 

SCALE. 

/ 

GLASS 

SCALE. 

0.3 

0.2 

0.1 

0.3 

0.2 

0.1 

r. 

r. 

r. 

r. 

r. 

r. 

0.942 

1.932 

2.921 

1.021 

2.019 

3.016 

0.944 

1.940 

2.922 

1.005 

2.005 

3.016 

Mean .... 

0.943 

1.936 

2.921 

Mean .... 

1.013 

2.012 

3.016 

METAL 

SCALE. 

METAL 

SC.VLE. 

-0.0 

0.0 

+0.1 

—0.0 

0.0 

+0.1 

0.978 

1.970 

2.967 

0.990 

2.022 

3.019 

1.002 

1.992 

2.970 

1.020 

.  2.016 

3.026 

Mean .... 

0.990 

1.981 

2.969 

Mean .... 

1.005 

2.019 

3.022 

0.992 

1.997 

2.980 

1.013 

2.016 

3.015 

1.005 

1.990 

2.970 

1.019 

2.009 

3.005 

Mean. . . . 

0.998 

1.993 

2.975 

Mean. . . , 

1.016 

2.013 

3.010 

GLASS 

SCALE. 

GLASS 

SCALE. 

0.911 

1.888 

2.907 

0.994 

2.000 

3.009 

0.907 

1.910 

2.891 

0.980 

1.995 

3.004 

Mean . . . , 

0.909 

1.899 

2.899 

Mean. . . . 

0.987 

1.998 

3.006 

The  above  measures  were  made  on  the  part  of  the  metallic  lines  usually  used.  The  following  were 

taken  somewhat  nearer  the  line  separating  the  meter-scale  from  that  of  the  metallic  thermometer : 

Third  cmnjyarison.  13^  0. 

Fourth  comparison 

Fifth  comparison. 

GLASS 

SCALE. 

GLASS 

SCALE. 

GLASS  SCALE. 

0.3 

0.2 

0.1 

0.3 

0.2 

0.1 

0.3 

0.2  0.1 

r. 

r. 

r. 

r. 

r. 

r. 

r. 

r.  r. 

1.032 

2.050 

3.017 

1.012 

2.018 

3.003 

1.018 

2.019  3.012 

1.040 

2.052 

3.028 

1.020 

2.001 

3.006 

1.031 

2.025  3.002 

Mean . .  1.036 

2.051 

3.023 

Mean..  1.016 

2.010 

3.005 

Mean. 

.  1.024 

2.022  3.007 

MKTAL 

SCALE. 

METAL 

SCALE. 

METAL  SCALE. 

—0.1 

0.0 

+0.1 

—0.1 

0.0 

+0.1 

—0.1 

0.0  -fO.l 

1.060 

2.051 

3.053 

1.010 

1.989 

3.014 

1.008 

1.992  2.988 

1.066 

2.050 

3.072 

1.005 

1.990 

3.019 

1.008 

1.997  3.008 

Mean..  1.063 

2.051 

3.063 

Mean..  1.008 

1.989 

3.016 

Mean . 

.  1.008 

1.995  2.998 

1.079 

2.048 

3.036 

1.011 

1.990 

3.002 

1.010 

1.988  2.999 

1.052 

2.050 

3.042 

1.009 

1.981 

3.006 

1.007 

1.987  3.008 

Mean..  1.065 

2.049 

3.039 

Mean..  1.010 

1.985 

3.004 

Mean . 

.  1.008 

1.987  3.004 

GLASS 

SCALE. 

GLASS 

SCALE. 

GLASS  SCALE. 

1.010 

2.026 

3.014 

0.990 

1.990 

2.995 

0.974 

1.990  2.986 

1.038 

2.013 

3.024 

1.013 

2.010 

3.016 

0.970 

1.979  2.965 

Mean..  1.024 

2.019 

3.019 

Mean..  1.002 

2.000 

3.005 

Mean . 

.  0.972 

1.984  2.975 
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The  following  are  the  results  of  these  comparisons : 

GLASS  SCALE. 


First  comparison  . . 
Second  comparison 
Third  comparison  . 
Fourth  comparison 
Fifth  comparison . . 


METAL  SCALE. 


First  comparison . . 
Second  comparison 
Third  comparison  . 
Fourth  comparison 
Fifth  comparison . . 


0.3  to  0.2 

0.2  to  0.1 

r. 

r. 

0.991 

0.993 

1.005 

1.007 

1.005 

0.985 

0.996 

1.000 

1.000 

0.988 

0.999 

0.995 

—0.1  to  0.0 

0.0  to  +0.1 

0.993 

0.984 

1.005 

1.001 

0.985 

1.001 

0.979 

1.023 

0.983 

1.010 

0.989 

1.004 

From  this  it  appears  that  the  values  of  the  spaces  on  the  metallic  scale  are 

-0.1  to  0.0  0.0  to  -f-O.l 

98^.9  100^.8 

ON  THE  VALUE  OF  THE  SCREW-REVOLUTIONS  OF  THE  UPPER  MICROSCOPE  OF  THE  REPSOLD 

VERTICAL  COMPARATOR. 

On  1878,  January  21,  a  glass  scale  of  68  teeth  of  Rutherfurd’s  ruling-machine  per  division  was 
measured  by  this  micrometer.  The  following  are  the  results : 


Line  1  to  line  2. 

Line  2  to  line  3. 

Line  3  to  line  4. 

Line  4  to  line 

(0^  to  V) 

(1^  to  20 

(2^  to  30 

(y  to  40 

r. 

r. 

r. 

r. 

1.000 

0.994 

0.999 

0.997 

1.000 

0.992 

0.999 

0.993 

1.005 

1.000 

0.996 

0.993 

1.008 

0.994 

1.003 

0.993 

Means _  1.003 

0.995 

0.999 

0.994 

The  probable  error  of  each  mean  is  iC-OOl.  We,  therefore,  have  for  the  corrections  of  tenths 
of  millimeters  measured  on  these  parts  of  the  screw  in  order  to  bring  them  to  the  mean  value 
between  1'  and  2' 

r.  r.  r, 

0  to  1  —0.006 

1  to  2  +0.002 

2  to  3  -0.002 

3  to  4  +0.003 

The  corrections  to  bring  the  means  of  three  lines  measured  on  three  parts  of  the  screw  to  the 
middle  are : 

Correction  to  mean  of  O',  1',  and  2',  to  bring  to  2'  =  +  1'.002 

Correction  to  mean  of  2',  3',  and  4',  =  —  O'.OOO 

Correction  to  mean  of  1',  2',  and  3^,  =  +  0'.0013 
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The  values  of  the  two  revolutions  from  1'  to  3^  are  best  obtained  from  the  observations  made  in 
comparing  the  pendulum  with  the  standard  at  different  stations. 

m.  w.  r.  r. 

At  Geneva,  0.9999  to  1.0001  on  pendulum -meter  measured  1.994  ±  0.001 
At  Paris,  —  0.0001  to  +  0.0001  on  same  ineter  measured  1.991  ±  0.001 

At  Berlin,  —  0.0001  to  +  0.0001  on  same  meter  measured  1.996  i  0.001 

At  Kew,  —  0.0001  to  +  0.0001  on  same  meter  measured  2.001  ±  0.001 

At  Hoboken,  0.9997  to  0.9999  on  same  meter  measured  2.022 

The  known  values  of  these  intervals  give  for  the  measme  of  ^  of  a  millimeter 


r. 

Prom  Geneva  observations .  1.995 

Prom  Paris  observations .  1.994 

Prom  Berlin  observations  . 1.999 

Prom  Kew  observations . 2.004 

Prom  Hoboken  observations . - .  2.001 


As  the  focalization  of  this  microscope  is  made  with  difficulty,  it  is  not  surprising  that  its  mag¬ 
nifying  power  should  differ  by  some  thousandths  of  itself.  The  focalization  at  Berlin  was  particu. 
larly  good,  and  1^999  may  be  taken  as  the  true  value,  giving  for  the  value  of  one  revolution 
between  1^  and  3' 

O'-^.IOOOS 

VALUE  OP  SCREW  REVOLUTIONS  OF  THE  LOWER  mCROSCOPE. 

Corresponding  distances  measured  with  the  lower  microscope,  between  marks  on  the  pendu¬ 
lum-meter,  were  obtained  from  the  observations  at  the  different  stations,  as  follows : 

m.  m.  r. 

At  Geneva,  —  0.0001  to  -f  0.0001  measured  1.987 

At  Paris,  0.9999  to  1.0001  measured  1.991 

At  Berlin,  0.9999  to  1.0001  measured  1.991 

At  Kew,  0.9997  to  0.9999  measured  2.014 

At  Hoboken  —  0.0001  to  +  0.0001  measured  2.002 

Hence,  by  substituting  the  values  of  the  intervals,  we  obtain  as  the  value  of  ^mm.  in  revolutions 


of  tbe  microscope  screw : 

r. 

Geneva  observations .  1.990 

Paris  observations . 1.992 

Berlin  observations .  1.992 

Kew  observations . .  1.993 

Hoboken  observations .  2.005 


Adopting,  as  before,  the  Berlin  value,  we  obtain  as  the  value  of  one  revolution, 

0”“.lp04 

RESULTS  OF  OBSERVATIONS  OF  LENGTH. 

Profesfifor  Forster  gives  as  the  length  of  the  German  pendulum-meter,  compared  with  No.  1605, 
in  a  letter  dated  June  24,  1878 : 

B.  P.  -  1605  =  -  103^.6  -  0*^.2  {r'  -  17o.0). 
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The  followiDg  is  the  txanslatiou  of  a  communication  from  Professor  Forster,  giving  the  length 
and  distance  between  the  lines  at  the  end  of  meter  No.  49 : 

Berlin,  March  29, 1878. 

Summary  of  the  results  of  comparisons  of  lengths  between  the  standard  meter  N'o.  49  and  others. 

No.  49  is  a  brass  bar  with  a  shoulder  at  each  end.  The  surfaces  of  these  shoulders  are  in  a 
horizontal  plane  passing  through  the  axis  of  the  bar.  Let  into  surface  of  each  shoulder  is  a  silver 
plate  having  three  lines  ruled  on  it.  The  contact-cylinders  used  for  comparisons  between  this  bar 
(which  is  a  line  measure)  and  end  measures  may  be^considered  a  part  of  No.  49. 

Standard  No.  49,  described  above,  was  carefully  compared  at  different  temperatures  with  stand¬ 
ard  meter  No.  1605,  belonging  to  the  ‘‘Normal  Standards  Commission.”  No.  1605  is  a  line  measure 
of  brass,  entirely  prismatic  in  form.  The  defining  lines  are  niled  on  silver  plates  let  into  the  sur¬ 
face  of  the  bar.  In  these  comparisons,  both  bars  were  supported  on  a  plane  surface  of  brass.  No 
1605  had  repeatedly  been  compared  with  the  platinum  meter  belonging  to  the  commission.  The 
length  of  the  platinum  meter  was  derived  from  comparison  made  in  1860  between  it  and  the  metre 
du  Conservatoire  and  the  m^tre  des  Archives.  But  the  direct  comparisons  between  No.  1605  and 
the  platinum  meter  were  not  as  accurate  as  the  direct  comparisons  between  the  platinum  meter 
and  No.  49,  the  results  of  which  will  be  given  farther  on. 

The  absolute  length  of  our  platinum  meter  is  not  as  yet  known  with  sufficient  accuracy,  because 
the  comparison  between  it  and  the  m^tre  des  Archives  gave  a  result  differing  nearly  0.02““  from  the 
result  of  comparisons  between  it  and  the  m^tre  du  Conservatoire,  while  the  actual  difference  between 
these  Paris  meters  is  said  not  to  exceed  0.003““. 

At  the  same  time,  neither  the  direct  nor  the  indirect  comparisons  between  No.  49  and  the  pla¬ 
tinum  meter  have  as  much  value  as  the  more'accurate  comparisons  between  No.  49  with  No.  1605, 
because  in  these  last  comparisons  the  errors  due  to  our  former  defective  arrangements  for  securing 
uniformity  of  temperatures  are  less  sensible  on  account  of  the  similarity  of  the  material  of  which 
both  bars  are  composed,  than  in  compai'isous  between  brass  and  platinum,  and  also  because  it  will 
soon  be  possible  to  compare,  by  the  aid  of  the  most  refined  means,  No.  1605  with  the  new  prototyi^e. 

The  results  of  all  comparisons  referring  to  No.  49  will  be  given  in  the  following  pages,  and  will 
serve  as  data  for  a  final  reduction  at  some  future  time.  We  begin  with  the  most  important,  namely, 
the  comparisons  between  No.  49  and  No.  1605. 

The  lines  defining  the  length  of  No.  49  are  each  midway  between  two  other  lines  distant  fi-om 
them  about  7““.  The  latter  are  used  in  connection  with  the  contact-cylinder  in  comparisons 
between  No.  49  and  end  measures.  Therefore,  No.  1605  could  be  compared  with  three  sets  of 
meter-defining  lines  on  No.  49,  to  wit : 

With  the  meter  defined  by  the  central  lines  of  each  group  of  3  near  the  ends  of  the  bar. 

With  the  meter  defined  by  the  outside  line  on  the  left  hand  and  the  inside  line  on  the  right. 

With  the  meter  defined  by  the  inside  line  on  the  left  and  the  inside  line  on  the  right. 

Of  course,  all  these  measurements  refer  to  that  part  of  the  transverse  lines  lying  midway  between 
the  two  longitudinal  ones. 

Very  accurate  micrometric  measurements  give  the  following  values  for  the  four  spaces  between 
the  transverse  lines  of  No.  49,  at  a  temperature  of  Qo  O.  Beginning  on  the  outside  of  one  end  of 
the  bar  the  several  lines  are  numbered  consecutively,  1,  2,  3,  and  beginning  on  the  inside  of  the 
other  end,  4,  5,  6 : 

mm.  mm. 

Space  1-2  =  7.3796  ±  0.00016 
Space  2-3  =  7.3761  ±  0.00022 
Space  4-5  =  7.3782  ±  0.00023 
Space  5-6  =  7.3774  ±  0.00018 

Putting  .001  millimeter  =  we  find  from  the  foregoing  measurements  that  the  meter  defined 
by  the  lines  1-4  is  longer  than  that  defined  by  the  middle  lines  2-5,  by  1'‘.4,  and  also  that  the 
meter  between  the  lines  3-6  is  longer  than  the  meter  between  the  lines  2-5,  by  1^.3. 
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By  making  use  of  the  values  thus  found  and  reducing  all  comparisons  between  No.  1605  and 
No.  49  to  the  meter  defined  on  the  latter  by  the  middle  or  principal  lines  2-5,  we  get  : 


Temperature  (C.) 

No.  1605 

—  No. 

o 

4.07 

— 

39.5 

21.53 

— 

42.0 

21.61 

— 

42.1 

23.42 

— 

41.4 

23.44 

— 

41.55 

23.47 

— 

40.65 

23.49 

— 

41.45 

23.63 

— 

41.60 

23.80 

— 

42.45 

25.37 

— 

42.45 

25.48 

— 

41.65 

25.59 

_ 

41.95 

Reducing  these  results  by  least  squares  we  deduce  the  following  formula  for  the  difference  of 
length  1605  —  49 : 


1605  -  49  =  I 


-  39.08  -  0.110 1 
i  0.42  ±  .019 1 


where  t  stands  for  temperature  in  terms  of  the  Centigrade  scale.  The  probable  errors  of  the 
namehcal  quantities  are  denoted  by  the  figures  having  the  signs  ±  prefixed,  and  these  will 
throughout  this  paper  be  written  below  or  next  to  the  quantities  to  which  they  refer.  The  follow¬ 
ing  table,  calculated  by  the  above  formula,  gives  the  ditt'erences  in  length  (1605  —  49)  and  their 
probable  errors  at  the  given  temperatures : 


Temperature. 

1605  — 

49 

o 

A 

0 

-  39.1  ± 

0.4 

+  5 

39.6 

0.3 

+  10 

40.2 

0.2 

+  15 

40.7 

0.1 

+  20 

41.3 

0.1 

+  25 

41.8 

0.1 

In  regard  to  the  comparisons  between  No.  49  and  the  platinum  meter  (end  measure),  it  is  neces¬ 
sary  to  explain  the  manner  in  whic^  the  contact-cylinders  were  used.  The  contact  ends  of  the  two 
cylinders  I  and  II  are  spherical  surfaces.  A  glass  scale,  which  can  be  distinctly  seen  by  micro- 
8Coi)es  supplied  with  the  necessary  reflecting  apparatus,  with  transverse  and  two  longitudinal  lines, 
is  let  into  the  axis  of  each  cylinder  in  such  a  manner  that  the  point  on  the  sixth  transverse  line  mid¬ 
way  between  the  two  longitudinal  lines  is  in  the  center  of  the  sphere  of  which  the  spherical  contact 
surface  is  a  part.  The  transverse  lines  are  reckoned  from  the  contact  surface  along  the  axis  of  the 
cylinder.  When  the  two  cylinders  are  in  contact  the  relation  between  the  sum  of  the  radii  of  the 
two  spherical  abutting  surfaces  and  the  distance  between  the  transverse  lines  before  mentioned  is 
independent  of  small  variations  in  the  incbnation  of  the  axes  of  the  cylinders  to  each  other.  We 
can  therefore  deduce  with  perfect  accuracy  the  linear  value  of  the  sum  of  the  two  radii  by  measur¬ 
ing  the  distance  between  the  specified  transverse  lines  when  the  cylinders  are  in  contact,  and 
can  thus  re<luce  the  pointings  on  the  centers  of  the  spherical  surfaces  to  their  point  of  contact;  a 
reduction  which  is  necessary  in  the  comparison  of  the  end  measure  ^ith  the  line  measure.  Be¬ 
cause  the  reference-points  of  the  scales  are  in  the  centers  of  the  spheres  of  which  the  abutting 
surfaces  are  part,  no  sensible  error  need  be  apprehended  from  changes  in  the  relative  position  of 
the  axes  of  the  cylinders  when  they  are  in  contact  with  the  abutting  surfaces  of  the  end  measure. 
The  length  of  the  sum  of  the  two  radii  of  the  two  cylinders  in  contact,  that  is,  the  distance 
between  the  specified  transverse  lines,  was  measured  on  a  good  transverse  comparator,  and  was 
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referred  to  the  same  standard  scale  used  in  measuring  the  auxiliary  spaces  on  standard  No.  49. 
Thus  the  reduction  of  the  distance  between  the  defining  lines  of  the  cylinders  when  in  contact  with 
the  platinum  meter  to  the  length  of  the  platinum  meter  itself,  can  be  referred  to  the  same  standard 
scale,  and  will  be  liable  to  the  same  errors  as  the  reduction  of  the  extreme  lines  on  No.  49  to  the 
middle  or  standard  lines.  As  far  as  the  use  of  the  auxiliary  distances  measured  on  the  transverse 
comparator  are  concerned  the  effect  of  errors  of  graduation  of  the  standard  scale  to  which  they 
are  referred  might  have  been  eliminated  from  the  comparison  between  the  line  . and  end  measure. 
Full  attention  was  not  paid  to  this  consideration  in  these^  comparisons.  However,  only  the  differ¬ 
ences  of  the  errors  of  graduation  of  adjacent  lines  of  the  standard  scale  came  into  account,  and 
these  were  determined  with  extraordinary  precision,  and  were  carefully  taken  into  account  in  the 
computations. 

The  distance  between  the  defining  lines  of  the  glass  scales  in  the  axes  of  the  cylinders  when 
the  latter  were  in  carefully  adjusted  contact  is  given  by  the  following  expression : 


mm*  mm. 

14.7432  +  0.000162  t. 
±  0.00026 


For  the  sum  of  the  auxiliary  spaces  1-2  and  5-6  on  No.  49,  we  get  in  conformity  with  the  values 
previously  given : 

mm.  mm. 


14.7570  +  0.000265  x  t. 
±  0.00024 


At  any  temperature  the  excess  of  the  sum  of  the  outside  auxiliary  spaces  on  No.  49,  over  the 
sum  of  the  spacer  between  the  point  of  contact  of  the  cylinders  and  the  defining  lines  of  their 
scales,  is  therefore 

IX  IX 

+  13.8  +  0.103  t. 

±  .35 

This  value  represents  the  correction  which  must  be  applied  to  the  difference  in  length  between  the 
extreme  lines  on  No.  49  and  the  distance  between  the  defining  lines  in  the  cylinders  when  the 
latter  are  in  contact  with  the  abutting  surfaces  of  the  platinum  meter. 

Our  comparisons  give  directly : 

1  =  (PI  +  C)  -  (1605  +  S), 

and,  therefore, 

PI  -  1605  =  +  S  -  C, 

and  substituting  the  foregoing  numerical  values, 

IX  IX 

PI  -  1605  =  1  +  13.8  -f  0.103  t. 

In  this  way  were  obtained  the  following  differences  of  length  between  the  platinum  meter,  defined 
by  the  distance  between  the  middles  of  its  end-surfaces,  and  standard  No.  49,  defined  by  the  dis¬ 
tance  between  the  middle  transverse  line  near  each  end,  measured  midway  between  the  longitudi¬ 
nal  lines : 


Temperature. 

PI  —  49 

Calc.  —  Obs. 

-f  3.25 

-  8.2 

-  0.2 

+  6.28 

-  39.2 

+  0.2 

+  23.55 

-  213.1 

-  0.1 

From  these  values  we  deduce  the  following  expression  by  the  method  of  least  squares : 


IX  IX 

PI  -  49  =  i  ^ 

\  ±  0.20  ±  0.014  t 

by  means  of  which  the  following  tabulated  values  are  computed : 
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Temperatnre. 

PI  - 

■  49 

o 

0 

+ 

24.4 

0.20 

5 

— 

26.0 

db 

0.15 

10 

— 

76.5 

=t 

0.12 

15 

— 

126.9 

:i= 

0.13 

20 

— 

177.3 

0.17 

25 

— 

227.8 

0.23 

The  uncertainty  pertaining  to  these  values  may  be  much  larger  than  the  probable  errors  indicate 
because  of  the  uncertainty  of  the  relative  expansion  and  of  the  imperfect  methods  of  determining 
the  temperatures,  and  because  the  observations  are  not  sufficiently  numerous. 

If  we  take  the  result  of  the  comparison  made  in  Paris  between  our  platinum  meter  and  the 
metre  des  Archives,  namely :  M^tre  des  A.  —  PI  =  —  ,  we  obtain  the  equation : 

M.  d.  A.  -  No.  49  =  I  +  21'‘.4  -  l(f.086  t  • 

This  equation,  however,  is  subject  to  doubt  on  account  of  the  imperfection  of  the  comparisons 
at  Paris,  previously  mentioned,  a  doubt  which  can  only  be  removed  at  some  future  time  with  the 
assistance  of  the  more  accurate  equation  established  between  1605  and  49.  The  direct  comparison 
between  our  platinum  meter  and  the  m^tre  des  Archives  (A)  appears  much  less  complete  than  the 
indirect  comparison  through  the  medium  of  the  metre  du  Conservatoire  (C).  On  the  assumption 
made  at  Paris  that  the  coefficient  of  expansion  of  A,  C,  and  PI  are  nearly  equal,  the  following 
results  were  obtained  for  the  indirect  comparisons.  Direct  observations  between  C  and  Pi  gave : 

C  -  PI  =  -  16'‘.2 

But  jwiconling  to  subsequent  determinations  (Proems -Yerbaux  de  la  Section  Francaise,  1870), 
A  —  =  —  3'*-2,  it  would  follow  that  A  —  PI  =  —  19^.2,  and  using  this  last  equation,  we  got : 

A  -  49  =  +  5*^.2  -  10.086  t, 

and  if  for  Centigrade  we  take  the  expansion  =  8'‘.60,  we  obtain : 


mm»  mm. 

No.  49  =  999.9948  +  0.01869  t, 

a  value  subject  to  a  much  greater  uncertainty  than  is  indicated  by  the  probable  errors  given  above 
on  account  of  the  imperfections  of  the  Paris  results. 

The  results  of  the  scale  values  of  the  cylinders  are  given  in  conclusion  (the  lines  designated  by 
1  are  those  nearest  the  contact  ends)  •  • 


Spacti. 

Liine  1  to  2 
Ito  3 
Ito  4 
Ito  5 
Ito  6 
Ito  7 
Ito  8 
Ito  9 
1  to  10 
Ito  11 


Cylinder  I.  Cylinder  11. 


54.2 

104.3 

154.5 

207.8 

252.8 

305.5 

355.8 

407.8 
454.0 

504.4 


50.1 

50.2 

53.3 
45.0 
52.7 

50.3 
52.0 
46.2 

50.4 


49.4 

100.7 

148.7 

199.4 

249.7 

303.4 

352.7 
401.3 
452.9 
503.6 


51.3 
48.0 

50.7 

50.3 

53.7 

49.3 

48.6 

51.6 


50.7 


For  the  Imperial  Commission  on  Weights  and  Measures. 

[Signed]  FOERSTER. 

The  comparisons  made  in  1875  between  the  U.  S.  and  German  pendulum-meters  give : 

C.  S.  meter  —  German  meter  =  -4-  13l'*.9 , 
and  those  made  in  1877  give : 

U.  S.  meter  —  German  meter  =  +  131'‘.3 ; 

The  mean  of  these  values,  or  +  13l'‘.6,  is  adopted.  The  comparisons  in  detail  are  given  in 
the  following  tables.  The  unit  is  one-thousandth  of  the  revolution  of  the  micrometer-screws. 

S.  Ex.  37 - 39 
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REPORT  OF  THE  SUPERINTENDENT  OF 


UNITED  STATES  COAST  SURVEY.— COMPARISONS  OF  PRUSSIAN  AND  U.  S.  PENDULUM  STANDARDS,  1875 


- 

_  - 

- 

- 

- 

- 

- 

- 

- 

- 

— 

— 

— 

BOTH  THERMOMETER  SCALES  DOWN. 

Date. 

i 

1 

^  Time. 

Which 

1  Prussian. 

1 

U 

1 

.S. 

1. 

'  s  . 

'  -5 

1  2 

I  . 

i  ^ 

-a 

1 

Ill 

t  22 

o 

!  ^ 

£ 

u 

PU 

1 

'  yf 

i 

90 

0. 

-f  2 

first. 

Below. 

Above. 

Below. 

1 

Above. 

B  * 
iS  a 

^  I 
g  s 

pH 

s 

s 

s  5 

1  S 

& 

5 

>  £ 
o 
y 

1 

June  17 

0.10  p.  in. 

c  Pr.  ? 

1362 

1263 

1125 

1309 

-  99 

+184 

1 

+  2a3 

° 

20. 1 

2762 

.503 

[ 

17 

0.10  p.  m. 
6.24  p.  m. 
10.20  a,  in. 

t  n.  S.  ? 

2041 

1025 

1  2058 

2303 

—  1016 

1  +245 
+295 
+  30 

1  +100 
+  75 
+  91 

1  +133 

1  +1261 
+1293 
+12.55 
+1.306 
+12.58 
+1294 
+1405 

19.  8 

2900 

556 

17 

2041 

1043 

1037 

2332 

—  998 

19.  6 

1  2932 

629 

18 

2119 

894 

2220 

2250 

—  1  ‘»ri 

1 

19.  7 

2926 

427 

' 

18 

10.50  a.  m. 

2145 

939 

1  2195 

2295 

-1206 

19.4 

1  2906 

427 

18 

4.15  p.ni. 
11.00  a.m. 

2124 

941 

2193 

2268 

-1183 

19. 4 

1  2981 

368 

19 

2123 

920 

2212 

2303 

-1203 

1  19.3 

2973 

358 

19 

1.30  p.  m. 

2556 

1224 

[  2408 

2541 

-1332 

2794 

687 

21 

10.15  a.  m. 

U.  S. 

2552 

1107 

24.57 

2367 

-1445 

-  90 

+1.3.55 

1  18.8 

+  81 

-287 

-368 

21 

11.10  a.m. 

Pr.  ? 

2545 

1086 

2454 

2337 

-1459 

-117 

+1.342 

+1356 

+1334 

19.  2 

+  16 
1+  65 
+  45 

-371 

-387 

21 

2.50  p.  m. 
10.00  a.  m. 

2551 

1118 

[  2435 

2358 

—  1433 

1  -  77 

19.  0 

—  302 

-367 

22 

fU.  S. 

2543 

1116 

2452 

2359 

-1427 

1 

-  93 

1  18.8 

-318 

-363 

22 

22 

11.00  a.  m. 

11.45  a,  in. 

i  Pr. 

u.  s. 

2546 

2.5.52 

1117 

1089 

!  2453 

^  2456 

2.351 

2.334 

-1429 

-1417 

1  -102 

1  —122 

+  1327 
+1341 

19.7 
!  20.0 

-  12 

-  40 

-382 

-407 

-370 

-367 

f  -368 

22 

.3.10  p.  m. 

u.  s. 

2531 

1086 

'  2449 

2353 

-1445 

-  96 

+1349 

19.1 

|-  “ 

-377 

-372 

1 

July  2 

9.45  a.m. 

u.s. 

2548 

1077 

2759 

2642 

-1471 

1  -117 

+l:i54 

I  20. 2 

-  322 

-084 

-362 

1  -.^54 

2 

10.00  a.  m. 

u.  s. 

2549 

1057 

2755 

2616 

-1492 

-139 

+1353 

1  21. 5 

-  349 

-695 

-346  ^ 

1 

t 

1 

-361 

1 

BOTH  THERMOMETER  SCALES  UP. 

1 

June  25 

10.00  a.  m. 

Pr. 

2877 

14.58 

2871 

2755 

-1419 

-116 

+1303 

19.6 

-  31 

+343 

^  -374  1 

1  1 

25 

10.35  a.  m. 

U.  S. 

2869 

1415 

2872 

27.54 

-14.54 

-118 

+1330 

19.7 

+ 

+362 

-.360  1 

1-371 

25 

4.05  p.  m. 

Pr. 

2838 

1401 

2933 

2789 

-1437 

-144 

+1293 

19.4 

-  26 

+342 

-368  ! 

1  i 

26 

9..55  a.  m. 

(  I'r. 

2833 

1427 

2951 

2813 

-1406 

-138 

+1268 

19.3 

-  91 

+286 

j  -377  ' 

26 

10.30  a.  m. 

i  u.  s. 

28:{1 

13.50 

2939 

2762 

-1481 

-177 

+1304 

19.5 

-  36 

+322 

-3.58  1 

June  29 

10.00  a.  m. 

CIT.S. 

2838 

1.391 

1829 

1707 

-1447 

-122 

+1325 

19.9 

+  87 

-1-452 

1  -365  1 

‘ 

29 

10.20  a.  m. 

i  Pr. 

2841 

1387 

1829 

1694 

-1454 

-135 

+1319 

20.1 

+  115 

+495 

1  -380  1 

. 

29 

10.35  a.  m. 

fU.S. 

2838 

1378 

1824 

1696 

-1460 

-128 

+13.32 

20.2 

+  125  i 

4-497 

-372 

^-373  1 

29 

10.55  a.  m. 

1  Pr. 

2a35 

1377 

1820 

1689 

-14.58 

-131 

+1327 

20.2 

+  138 

+.512 

i  -^74  1 

29 

4.15  p.m. 

U.S.  1 

2842 

1422 

1823 

1727 

-1420 

-  96 

+1324 

19.7 

+ 

-f-435 

1  i 

1 

a  ' 

j 

' 

-372 

_ _ _ 1 

PRUSSIAN  THERMOMETER  SCALE  UP. 

U.  S.  DOWN. 

1 

J une  23 

10.30  a.  m.  j 

2887 

1182 

2788 

2799 

2445 

2478 

-1705 

-343 

+1362 

-1-134.5 

20. 1 

1  1 

+  111 
+  70 

-513 

i  -402  1 

1  -402 

;  1 

23 

2.45  p.m.  1 

2878 

1212 

-1666 

-.321 

19.8 

-472 

>  -40  2 

24 

10.20  a,  ra. 

cU.S. 

2879 

1204 

2789 

2479 

-1675 

-310 

+1.365 

19.7 

+  51 

-429 

-378  1 

24 

10.50  a.  m. 

1  Pr. 

2879 

1205 

2786 

2445 

-1674 

-341 

+1333 

19.8 

+  74 

-480 

1 

. 1 

24 

4.20  p.ra. 

U.S. 

2881 

1211 

2775 

2466 

-1670 

-309 

+1.361 

19.7 

+  86 

-473 

-387 

[  1 

June  26 

11.45  a.  m. 

U.  S. 

2841 

1384 

2830 

2763 

-1457 

-  67 

+1390 

19.6 

+  10 

-466 

1 

-4,56  1 

1 

28 

10.25  a.  m. 

f  U.  S. 

2833 

1359 

2824 

2697 

-1474 

-127 

41347 

19.4 

-  29 

-360 

1  -389  1 

1  1 

28 

10.45  a.  m. 

1  Pr. 

2835 

1349 

2824 

2688 

-1486 

-136 

-4  13.50 

19.  5 

-  12 

-389 

1  -401 

\  -398 

28 

4.30  p.  m. 

2828 

1392 

2827 

2719 

-1436 

-108 

+1328 

19.1 

—  54 

-349 

i  1 

J  i 

1 

1  1 

'  !‘ 

-400  1 

PRUSSIAN  THERMOMETER  SCALE  DOWN,  U. 

S.  UP. 

June  30 

10.00  a.  m. 

I 

2008 

1180 

1829 

1689 

-1428 

-140 

+1288 

20.6 

-  181 

+498 

‘-3,71 

1 

1 

30 

11.30  a.  m.  1 

1  U.  S. ! 

2603 

1188 

1805 

1694 

-1415 

-111 

+1304 

21.3 

-  330 

+6;i8 

-308  1 

30 

0.20  p.  m. 

rPr.  1 

2601 

1179 

1810 

1<>79 

-1422 

-131 

+1291 

21.2 

-  315 

+632 

-317  ^ 

1-310 

30 

0.35  p.m. 

lu.s. 

2599 

1172 

1811 

1688 

-1427 

-123 

+1304 

21.  2 

-  324 

+629 

-305 

1 

30 

3.25  p.m.  i 

rPr.  ' 

2587 

1197 

1817 

1708 

-1390 

-109 

+1281 

20.5 

-  215 

+526 

-311 

J  1 

30 

3.40  p.m.  , 

{u.s.  1 

2615 

1175 

1824 

1686  1 

-1440 

-138 

+1302 

20.5 

-  227 

+532 

-305  ' 

July  1 

9.40  a.  m.  j 

Pr.  , 

2608 

1193 

1821 

1678  1 

-1415 

-143 

+1272 

20.7 

-  239 

+554 

-315  . 

. j 

1 

11.55  a.  m. 

fU.S.  1 

2539 

1098 

1736 

1589 

-1^1 

-147 

+1294 

21.1 

-  327 

+618 

-291 

1 

1 

1 

0.10  p.m.  1 
3.15  p.m.  1 

{  Pr.  1 
c  U.  S. 

2542 

2547 

1084 

1099 

1744 

1741 

1.572 

1595 

-14.58 

-1448 

-172 

-146 

+1286 

+1302 

21.2 

21.0 

-  333 

-  293 

+614 
+585  ' 

-281  1 
-292 

1-290 

1 

3.30  p.  m. 

{  Pr.  ' 

2546 

1086 

1748 

1583 

-1460 

-165 

+1295 

21.0 

-  306 

+594 

-288 

J 

1 

1 

-300 
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UNITED  STATES  COAST  SURVEY.— COMPARISONS  OF  PRUSSIAN  AND  U.  S.  PENDULUM  STANDARDS,  1877. 


BOTH  THERMOMETER  SCALES  DOWN. 


1 

I  1 

1  1 

Prusainn.  ! 

1 

r. 

S. 

5 

c 

S 

1  db 

£ 

1  P 

1 

E 

t 

.a 

i. 

ua 

Dale. 

Time. 

Which  1 
first. 

1 _ 

j  Below. 

1 

Above. 

Below. 

Above. 

Ji 

*  s 

I  ® 

S.  minus 
para  tor 

1 II 
i  s  ’ 

1  i 

B  5 

fl  «- 
cS  JS 

1 " 

3 

E 

1 

h 

1 

1  ^ 

1 

1 " 

P 

p 

'  P 

1 

P 

Oct.  16 

U.  S.  j 

2386 

1603 

1036 

2478 

-  783 

+  542 

+  1325 

16.2 

i 

-547 

1 

+  291 

+  838 

16 

10.12  a.  ni. 

1  Pr. 

2379 

1600 

1938 

,  2470 

-  779 

+  532 

+  1311 

16.4 

-571 

+  239 

4  810 

16 

10.35  a.  m. 

U.  S. 

2372 

1501 

1937 

2466 

-  781 

+  529 

+  1310 

16.7 

-632 

+  216 

+  848 

16 

10.51  a.  m. 

'  Pr. 

2363 

1584 

1931 

2470 

-  779 

+  539 

i  +1318 

1 

16.9 

-645 

+  177 

+  822 

16 

11.23  a.m. 

!  u.  s. 

2353 

479  1 

1886 

1367 

-1874 

-  519 

1 

+  1355 

17.2 

-766 

+  30 

+796 

16 

11.32  a.  m. 

Pr. 

2374 

486 

1952 

1386 

-1888 

-  566  j 

+  1322  1 

17.  3 

-769 

+  43 

+  812 

16 

11.58  a.  m. 

r.  s.  j 

2371  1 

505 

1951 

1398 

-1866 

-  553 

I  +1313 

i 

17.2 

-805 

+  26 

+  831 

16 

1.09  p.  m. 

r.  s. 

2482 

1604 

1879 

2356 

-  788 

+  477  j 

1 

+  1265 

17.2 

-805 

+  31 

4  836 

16 

1.16  p.  m. 

Pr. 

2487  ' 

1686 

1873 

2:i64 

-  801 

-t-  491 

+  1292 

17. 1 

-806  , 

+  44 

+  850 

17 

11.10  a.  m. 

Pr. 

2434 

1623  1 

1887 

2397 

-  811 

+  610  1 

+ 1321 

16.3 

1  -596  i 

+  212  1 

1  +808 

17 

11.20  a.  m. 

r.  s. 

2434  * 

1608  ' 

1895 

2379 

-  826 

+  484 

+  1310 

ia3 

-614 

+  199 

1  +813 

17 

11.42  a.  m. 

Pr. 

2421 

1608 

1888 

1  2384 

-  813 

+  496 

+  1309 

16.4 

-671 

+  151 

,  +822 

1 

11.53  a.m. 

1  r.  s. 

2408 

1610 

1879 

2395 

-  798 

+  516  1 

+  1314  1 

16.3 

1  -686 

+  137 

j  +823 

Results  of  comparisons  between  the  pendulum-meter  and  No.  49,  also  between  the  pendulum 
itself  and  No.  49,  have  already  been  given,  under  the  head  of  Coefficient  of  Expamion, 

The  result  before  given  of  comparison  between  the  pendulum  and  No.  49  was  obtained  when 
the  screws  holding  the  knife-edge  in  place  were  tightly  screwed  up.  With  these  screws  loosened, 
the  ciilierence  was  at  1(P  C. 

Pendulum  No.  49  =  —  190^.6, 

the  result  before  obtained  being  —  199^.5  for  KP  C.  Neither  result  is  of  any  value  in  determining 
the  length  of  the  pendulum. 

The  measures  of  length  of  the  iiendulum,  as  comi)ared  with  the  pendulum-meter,  corrected  for 
the  value  of  micrometer-screw  revolutions,  reduced  to  heavy  end  down  for  the  pendulum,  and  to 
metallic  thermometer  down  and  mean  of  lines  99.99,  109.00,  and  1(K).01  of  the  meter,  give  lor  Pen¬ 
dulum  minus  U.  8.  pendulum-meter — 


At  Geneva .  —198.7 

At  Paris .  —181.2 

At  Berlin .  —177.1 

At  Kew .  —174.0 

At  Hoboken .  — lOo.l 


The  injury  the  pendulum  received  between  the  Geneva  observations  and  those  at  Paris,  and 
the  work  necessary  to  remedy  this  injury,  account  for  the  great  discrepancy  between  the  length 
at  Geneva  aiul  that  found  elsewhere.  Taking  the  remaining  measures,  however,  their  discordance 
will  be  seen  to  be  far  greater  than  can  be  accounted  for  by  errors  of  observation,  while  the  pro¬ 
gressive  character  of  this  disagreement  renders  it  unlikely  that  it  is  due  to  the  greater  tightness  of 
the  screws  holding  the  knife-e^lges  at  one  place  than  at  another.  It  is  no  greater  than  may  be 
probably  ascribed  to  accumulations  of  oxide,  i&c.,  under  the  bearing  surfaces  of  the  knives.  The 
comparisons  in  detail  are  given  in  the  following  tables : 
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EBPORT  OF  THE  SUPEEINTENDENT  OF 


UNITED  STATES  COAST  SURVET.— PENDULUM  AT  GENEVA.— LENGTH. 
[Heavy  end  up  is  corrected  by  -flM.O  to^bring  it  to  heavy  end  down.] 


Date. 

Heavy  end 
(d.)  down, 
or  (u.)  np. 

ABO\Ti. 

P-St 

BELOW. 

P  -  St. 

Pend,  longer 
than  stand, 
nncorreoted. 

CORRECTION. 

Corrected 

length. 

Stand. 

Pend. 

Stand. 

Pend. 

Above. 

Below. 

Sept.  5d. 

2266 

1661 

-605 

2101 

3473 

+  1372 

-1977 

-2 

+7 

-m^e 

d. 

2219 

1667 

-542 

2120 

3599 

+  1479 

-2021 

-1 

+  7 

-202.9 

u. 

2195 

1675 

-520 

2117 

3591) 

-4  1474) 

-1994) 

-1 

+  7) 

-199.3 

u. 

2185 

1687 

-498 

2130 

3628 

+-1498 

-1996 

-1 

+7 

-199.4 

Sept.  6n. 

2250 

1694 

-556 

2122 

3595 

-fl473 

-2029 

-1 

+  7 

-202.7 

u. 

2190 

1690i 

-4991 

2131 

3621 

+  1490 

-1989) 

-1 

+7) 

-198  8 

d. 

2195 

1657 

-588 

2121 

3552 

+1431 

-1969 

-1 

+7 

-197.7 

d. 

2184 

16871 

-4961 

2126 

3602) 

+  1476) 

-1973 

-1 

+7 

-198. 1 

Sept.  7u. 

2253 

1677 

-576 

2134 

3595) 

+1461) 

-2038 

-1 

+7 

-203.6 

8u. 

2239 

16571 

-5811 

2152 

3588) 

+1436.J 

-2018 

-1 

+7 

-201.6 

Sept  9d. 

2257 

1730 

-527 

2146 

3581 

-+-1435 

-1962 

+7 

-197.0 

d. 

2223 

1723 

-500 

2170 

3673 

+1503 

-2003 

-1 

+8 

-201.2 

u. 

2210 

1691 

-519 

2298 

3748 

+1450 

-1969 

+7 

-t96.7 

n. 

2199 

1707 

-492 

2317 

3816) 

+  1499) 

-1992 

-1 

+7 

-199.0 

Sept  13  u. 

2084 

12341 

-8491 

1708 

2865) 

1  +1157)  j 

-2007 

-2 

+6 

-200.6 

u. 

2036 

1224 

-812 

1703 

2877 

+1174  1 

-1986 

-2 

+fl 

-198.4 

d. 

I  2040 

12581  ' 

-7811 

1725 

2894) 

+1169) 

-1951 

-2 

+6 

-195.9 

d. 

2072 

1283 

-789 

1762 

2915 

+1153 

-1942  ! 

1 

-2 

+6  1 

-195.0 

Sept  14  u. 

1 

1  2149 

1248  i 

-901 

1752 

2812 

+1060 

1  1 

-1961 

-2 

+5  1 

-195l8 

11. 

2118 

1263 

-860 

1733 

2900  j 

+1167 

-2017  ; 

-2 

+6 

-201.  6 

d. 

2101 

1253  j 

-848 

1732 

2812 

+1080 

1  -1928 

-2 

+5 

-193.5 

d. 

2089 

1257 

-832 

1747 

2891 

+  U44 

'  -1976 

-2 

+6 

-198.4 

Sept  15  d. 

1  2137 

1275 

-862 

1739 

2830 

[  +1091 

-1953 

-2 

+h 

-196.0 

d. 

i  2119 

1278 

-841 

1742 

2887 

+1145 

-1986 

-2 

+« 

-199.4 

u. 

2114 

1276 

-838 

1738 

2830 

+  1092 

-1930  1 

-2 

+  5 

-192.7 

u. 

2113 

1266 

-848 

1750 

2898 

+  1148 

-1906 

-2 

+  6 

-199.4 

Sept  16  d. 

2140 

12731 

-8661 

1733 

2853) 

+1120) 

-1987 

-2 

+« 

- 199.  5 

d. 

2121 

12651 

-8551 

1742 

2882) 

+1140) 

-1996 

-2 

+6 

-200. 4 

u.  1 

2122 

12601 

-8611 

1742 

2853) 

+1111)  1 

-1973 

-2 

+« 

-197.1 

n. 

2094 

12631 

-8301 

1737 

2913) 

+1176)  1 

-2007  ! 

-2 

+6 

-200.5 

Mean . 

. i 

-198.7  1 

Digitized  by 
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UNITED  STATES  COAST  SUKVET.— PENDULUM  AT  PARIS.— LENGTH. 
[Heavy  end  up  is  corrected  by  bring  it  to  heavy  end  down.] 


Bate. 
Heavy  end 
(d.)dovrn, 
and  (n.)  np. 

▲BOVB. 

P-St. 

BELOW. 

P-St. 

Pend,  longer 
than  stand, 
uncorrected. 

CORRECTION. 

Corrected 

Stand. 

Pend. 

Stand. 

Pend. 

Above. 

Below. 

length. 

1876. 

Jan.  25  a. 

2373 

1467 

-906 

1541 

2444 

+  903 

-1809 

-3 

-H 

-180.6 

u. 

2878 

1479 

-899 

1552 

2413 

-f  861 

-1760 

-3 

+3 

-175. 6 

d. 

2356 

1426 

-930 

1550 

2365 

-h  815 

-1745 

-8 

+3 

-175.1 

d. 

2367 

1461 

-906 

1536 

2400 

-f  864 

-1760 

-3 

+3 

-176.6 

Jan.  28  a. 

2417 

1451 

-966 

1558 

2392 

+  834 

-1800 

-3 

+3 

-179. 6 

u. 

2370 

1445 

-925 

1547 

2402 

+  855 

-1780 

-3 

+3 

-177.6 

d. 

2376 

1437 

-939 

1554 

2393 

+  839 

-1778 

-3 

+8 

-17a  4 

d. 

2372 

1459 

-913 

1547 

2414 

+  867 

-1780 

-3 

+8 

-178.6 

Jan.  28  d. 

2400 

1478 

-927 

1564 

2406 

+  842 

-1769 

-3 

+3 

-177.6 

d. 

2363 

1456 

-907 

1546 

2391 

+  845 

-1752 

-3 

+3 

-175.8 

a. 

2374 

1428 

-946 

1547 

2387 

+  840 

-1786 

-3 

+3 

-178.2 

Jan.  29  u. 

2382 

1433 

-949 

1554 

2390 

+  836 

-1785 

-3 

+3 

-17a  1 

n. 

2362 

1401 

-961 

1589 

2405 

+  866 

-1827 

-3 

+3 

-182.3 

Change  of  knife-edges. 

Feb.  2  u. 

2093 

1792 

-801 

1283 

2815 

+1532 

-1833 

-1 

-H 

-183.0 

u. 

2112 

1882 

-280 

1278 

2797 

+1519 

-1799 

-1 

-179.6 

d. 

2132 

1836 

-296 

1291 

2779 

+1488 

-1784 

-1 

-H 

-179. 1 

Feb.  3d. 

2148 

1837 

-311 

1279 

2787 

+1508 

-1819 

+6 

-182.6 

Feb-  4  d. 

2144 

1855 

-289 

1280 

2812 

+1532 

-1821 

-1 

+6 

-182.8 

d. 

2141 

1854 

-287 

1274 

2796 

+1522 

-1809 

-1 

-l-fi 

-181.6 

n. 

2140 

1839 

-301 

1281 

2812 

+1531 

-1832 

-1 

+« 

-182. 9 

n. 

2136 

1847 

-289 

1280 

2792 

+1512 

-1801 

-1 

-H 

-179.8 

Change  of  knife-edges. 

Feb.  9  d.  | 

2143 

1844 

-299 

1268 

2817 

+1549 

-1848 

-1 

4-6 

-185.5 

d. 

2153 

1832 

-321 

1275 

2801 

+1526 

-1847 

-1 

-H 

-185.4 

n. 

2139 

1844 

-295 

1272 

2813 

+1541 

-1836 

-1 

-fo 

-183.3 

U- 

2138 

1859 

-279 

1273 

2826 

+1563 

-1832 

-1 

+6 

-182.9 

Feb.  14  n. 

2180 

1883 

-247 

1272 

2883 

+1611 

-1858 

-1 

46 

—185.5 

n. 

2135 

1868 

-257 

1274 

2826 

+1562 

-1809 

-1 

4-6 

-180.6 

d. 

2836 

1570 

-766 

1523 

2523 

+1000 

-1766 

-2 

-H 

-177.2 

d. 

2377 

1592 

-785 

1637 

2536 

+  999 

,-1784 

-2 

+4 

-179. 0 

• 

Change  of  knife-edges. 

Feb.  21  d. 

2405 

1604 

-801 

1542 

2550 

+1008 

-1809 

-2 

4-4 

-181.6 

d. 

2399 

1608 

-796 

1531 

2558 

+1027 

-1823 

-2 

+4 

-182.9 

n. 

2388 

1586 

-802 

1541 

2544 

+1003 

-1805 

-2 

4-4 

-180.1 

n. 

2403 

1606 

-797 

1542 

2550 

+1017 

-1814 

-2 

44 

-18L0 

Feb.  22  n. 

2397 

1593 

-804 

1545 

2605 

+1060 

-1864 

-2 

44 

-186.0 

u. 

2383 

1687 

-796 

1545 

2547 

+1002 

-1798 

-2 

44 

-179.4 

d. 

2861 

1591 

-770 

1544 

2617 

+  973 

-1743 

-2 

44 

-174. 9 

d. 

2894 

1597 

-797 

1544 

2527 

+  983 

-1780 

-2 

44 

-17a  6 

-180.3 

Coneoted  for  compieaslon  of  standard . 
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REPORT  OP  THE  SUPERUTTENDENT  OF 


UNITED  STATES  COAST  SURVEY.— PENDULUM  AT  BERLIN.— LENGTH. 


[Heavy  end  up  corrected  by  +1^.0  to  bring  it  to  heavy  end  down.] 


1 

Date. 

ABOVE. 

P-St 

BELOW. 

P-  St. 

Pend,  longer 
than  stand, 
uncorrected. 

coRaBcno!f. 

Corrected 

length. 

Stand. 

Pend. 

Stand. 

Pend. 

Above. 

Below. 

1876. 

Apr.  19  d. 

2293 

1862 

-431 

1175 

2487 

+  1312 

-1743 

0 

+5 

-174. 8 

Apr.  20  d. 

2247 

1869 

-878 

1179 

2490 

+  1311 

-1689 

0 

+5 

-169.4 

d. 

2258 

1869 

-389 

U74 

2473 

+1299 

-1688 

0 

+  5 

-169.3 

u. 

2245 

1931 

-314 

1180 

2526 

+  1346 

-1660 

0 

+5 

-165.5 

u. 

2275 

1897 

-378 

1180 

2522 

+  1342 

-1720 

0 

+  5 

-171.  5 

Apr.  24  d. 

2259 

1879 

-380 

1165 

2491 

+  1326 

-1706 

0 

+5 

-171.1 

d. 

2248 

1879 

-369 

1167 

2496 

+  1329 

-1698 

0 

170.3 

u. 

2239 

1878 

-361 

1159 

2518 

+1359 

-1720 

0 

+  5 

-171. 5 

Apr.  25  d. 

2257 

1877 

-380 

1161 

2595 

+1434 

-1814 

r«ij. 

d. 

2257 

1895 

-362 

1159 

2558 

+1399 

-1761 

0 

+6 

-176.7 

a. 

2224 

1853 

-371 

1157 

2540 

+  1383 

-1754 

0 

+6 

-175.0 

n. 

2245 

1878 

-867 

1162 

2543 

+1381 

-1748 

0 

+  6 

-174.4 

Apr.  26  d. 

2257 

1881 

-876 

1161 

2552 

+  1391 

-1767 

0 

+6 

-177.3 

d. 

2257 

1881 

-376 

1163 

2538 

+1375 

-1751 

0 

+5 

-175.6 

a. 

2236 

1872 

-364 

1164 

2550 

+  1386 

-1749 

0 

+6 

-174. 5 

a. 

2244 

1884 

-360 

1165 

2560 

+1395 

-1755  ' 

» 

+6 

-175.1 

Apr.  28  n. 

2266 

1882 

-384 

1163 

2562 

+1399 

1 

—1783  1 

0 

+«  1 

-177.9 

a. 

2270 

1872 

-39R 

1160 

2534 

+  1.374 

-1772 

0 

+  5  1 

-176.7 

d. 

2276  i 

1890 

-386 

1162 

2567 

+  1405 

-1791 

0 

+6  1 

-179.  7 

d. 

2270 

1895 

-375 

1167 

2668 

+1401 

-1776 

0 

+«  , 

-178.2 

Apr.  29  u. 

2242 

1870 

-372 

1157 

2593 

+1436 

-1808 

0 

+« 

-180.4  i 

a. 

2226 

1872 

-354 

1156 

2577 

+  1421 

-1775 

0 

-177.1 

d. 

2227 

1882 

-345 

1156 

2545  I 

+  1389 

-1734 

0 

+  6 

-174. 0 

d. 

2247 

1889 

-358 

1153 

2558 

+  1405 

-1763 

0 

+« 

-176.9 

Apr.  30  u. 

2248 

1865 

-383 

1157 

2608 

+  1451 

-1834  1 

0 

+« 

-183.0 

u. 

2257  1 

1865 

-392 

1156  ' 

2592 

+  1436 

-1828 

0 

+6 

-182.4 

d. 

2233 

1832 

-401 

1146 

2533 

+1387 

-1788 

0 

+6 

-179.4 

d. 

2258 

1869 

-389 

1159 

2551 

+  1392 

-1781 

0 

-17a  7 

May  2  a. 

2272 

1915 

-357 

1151 

2646 

+  1495 

-1852 

0 

+8 

-184.8 

a. 

2269 

1914 

-355 

1150 

2593 

+  1443 

-1788 

0 

+  6 

-17a  4 

May  3  d. 

2262 

1872  1 

-390 

1152 

1  2603 

+  1451 

-1841 

0 

+6 

-184.7 

Mmui 

—17a  1 

Corrected  for  oompreasion  of  stand . . I 

•  1 
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UNITED  STATES  COAST  SURVEY.— PENDULUM  AT  KEW. 

[Four  observatiouB  in  parentheseu  rejected  on  account  of  temperature. 

Heavy  end  up  con*ected  by  +  I'^.O  to  reduce  to  heavy  end  down. 

All  observations  on  mean  of  9997th,  9998th,  and  9999th  lines  corrected  by  — 200f*.4  to  reduce  to  mean  of  9999th, 
10000th,  and  lOOOlst.] 


Date. 

1 

ABO  VS. 

P-St. 

1  ’  ^ 

BELOW. 

P-St 

Pend,  lodger 
than  stand 
uncorrected. 

CORRECTION.  ^ 

Corrected 

Stand. 

Pend. 

Stand. 

Pend. 

Above. 

Below,  j 

length. 

187a. 

M. 

June  29  d. 

(1936 

2299 

+363 

1003 

3124 

1  +2121 

-1738 

-1 

-+-7  ' 

-176.6) 

80  d. 

1950 

d. 

1924 

2204 

+280 

1012 

3016 

1  +2004 

-1724 

-1 

+7 

-173.3 

d. 

1597 

1609 

+  12  , 

2684 

2426 

-  258 

+  270 

0 

-1  i 

-173.3 

d. 

1605 

1612 

+  7 

2672 

2405 

-  267 

+  274 

0 

-1 

-172.9  ; 

J oly  6  u. 

1868 

2697 

+829 

2733 

3299 

+  566 

+  268 

-2 

1 

+2 

-173. 1 

u. 

1781 

1635 

-145 

2666 

2246 

-  420 

+  274 

0 

-1 

-171.0  1 

J uly  6  u. 

1510 

1652 

+142 

1 

2370 

1 

2239  1 

-  131 

+  278 

0 

0 

-172.1 

u. 

1481 

1631 

+150  i 

2360 

2245 

-  115 

+  265 

0 

0 

-172.9 

July  10... 

(1580 

1669 

+  89  1 

2448 

2837 

-  Ill 

+  200 

0 

0 

-180.4)  1 

10  .. 

(1536 

1602 

+  66 

2442 

2294  j 

-  148 

+  214 

0 

-  1 

-nao) 

11... 

(1515 

1616 

+101 

2434 

2307 

-  127 

+  228 

0 

0 

-177. 6) 

1476 

1601 

+125 

2434 

2291  1 

-  143 

+  268 

0 

-  1 

-173.5  ] 

1492 

1624 

+132 

2435 

2300 

-  135 

+  267 

0 

0 

-17a  7 

Mnan. 

. . 1 

-17a  0  i 

Corrected  for  comnroMrion  of  iitand . . . . . 
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BBPORT  OP  THE  SUPEEHTTENDENT  OP 


UNITED  STATES  COAST  SURVEY.— PENDULUM  AT  HOBOKEN.— LENGTH. 


ABOVE. 

BBLOW. 

Pend,  long¬ 
er  than 

Cor. 

Corrected 

Date. 

Obs. 

stand. 

Pend. 

stand. 

Pend. 

^tand.  un¬ 
corrected. 

below. 

length. 

1876. 
April  11 

P. 

2021 

2517 

+  496 

2116 

2207 

+  91 

+405 

0 

+-40.5 

11 

P. 

1985 

2152 

+167 

2072 

1884 

-187 

+3.54 

0 

+-35.4 

11 

P. 

1997 

2142 

+  145 

2062 

1888 

-174 

+  319 

0 

+31.9 

12 

S. 

1975 

2173 

+198 

2075 

1831 

-244 

+442 

+1 

+  44.1 

12 

s. 

2011 

2143 

+  132 

2061 

1834 

-227 

+  359 

+1 

+  35.8 

1 

s. 

2014 

2133 

+119 

2057 

1811 

-246 

+365 

+  1 

+36.4 

13 

s. 

1980 

2104 

+124 

2062 

1818 

-224 

+  368 

+  1 

+36.7 

13 

s. 

2004 

2170 

+166 

2067 

1838 

-229 

-f395 

+1 

+39.4 

13 

s. 

1995 

2159 

+  164 

2074 

1839 

-235 

+  399 

+1 

+  39.8 

14 

s. 

2004 

2129 

fl25 

2052 

1815 

-237 

+362 

+l 

+38.1 

14 

s. 

1993 

2156 

+  163 

2053 

1810 

-243 

+406 

+1 

+10.5 

14 

s. 

1995 

2150 

+155 

2060 

1813 

-247 

+402 

+  1 

+  40.1 

16 

s. 

2028 

2218 

+  190 

2077 

1882 

-195 

+385 

0 

+3a5 

16 

s. 

2018 

2217 

+  199 

2071 

1873 

-198 

+397 

0 

+39.7 

16 

s. 

2020 

2207 

+  187 

2070 

1877 

-193 

+380 

0 

+3ao 

s. 

2021 

2213 

+  192 

2067 

1866 

-201 

+393 

+1 

+39.2 

16 

s. 

2033 

2222 

+  189 

2081 

1899 

-182 

+371 

0 

+37.1 

s. 

2029 

2217 

+  188 

2084 

1892 

-192 

+  380 

0 

+  3ao 

17 

s. 

2029 

2207 

+178 

2073 

1898 

-175 

+-353 

0 

+  35.3 

23 

s. 

2035 

2013 

-  22 

2034 

1608 

-426 

+404 

+1 

+  40.3  1 

23 

s. 

2042 

2017 

-  25 

2040 

1613 

-427 

+402 

+1 

+40.1 

23 

p. 

2695 

2634 

-  61 

2750 

2317 

-433 

+372 

+1 

+-37. 1 

23 

p. 

2689 

2646 

-  43 

2755 

2326 

-429 

+386 

+1 

+3a5 

23 

p. 

2023 

1970 

-  53 

2037 

1614 

-423 

+370 

+1 

+36.0 

24 

p. 

2021 

1965 

-  56 

2010 

1604 

-406 

+350 

+1 

+34.9  1 

24 

p. 

1959 

1850 

-109 

1960 

1506 

-463 

+354 

+1 

+35. 3  j 

24 

p. 

1956 

1857 

-  99 

1115 

1540 

-435 

+336 

+1 

+33.5 

!  24 

p. 

1961 

1855 

-106 

1961 

1540 

-441 

+335 

+1 

+33.4 

24 

p.  i 

1785 

2059  1 

+274 

2121 

2053 

-  68 

+  342 

0 

+34.2 

24 

p. 

1829 

2091 

+262 

2133 

2071 

-  62 

+324 

0 

+-32.4 

24 

p. 

1865 

2140 

+275 

2135 

2069 

-  66 

+341  ! 

0 

+-34. 1 

24 

p. 

2524 

2814  . 

+290 

2855 

2785 

-  70 

+360 

0 

+36.9 

24 

p. 

2523 

2811 

+288 

2829 

2802 

-  27 

+  315 

0 

+3L5 

24 

p. 

1861 

2134 

-H273 

2143 

2086 

-  57 

+330 

0 

+33.0 

May  25 

p. 

2081 

2431 

+  350 

1649 

1700 

+  51 

+  299 

0 

+29.9 

25 

p. 

2083 

2452 

+369 

1  1651 

1709 

+  57 

+311 

0 

+-31.1 

25 

2049 

2444 

+  395 

1636 

1702 

+  66 

+-329 

0 

+32.0 

25 

p.  1 

2060 

2445 

+385 

1648 

1698 

+  50 

+335 

0 

+-33.5 

25 

p. 

2065 

2457 

+392 

1639 

1700 

+  61 

+331 

0 

+33.1 

25 

p. 

2058 

2451 

+393 

1648 

1690 

+  42 

+351 

0 

+-35. 1 

26  j 

s. 

1937 

2302 

+365 

1479 

1537 

+  58 

+307 

0 

+30.7 

26 

s.. 

1907 

2288 

+381 

1483 

1541 

+  58 

+323  j 

« 

+  32.3 

26 

p. 

1911 

2289 

+378 

1551 

1492 

+  59 

+319  ' 

0 

+31.9 

26 

p. 

1884 

2267 

+383 

1539 

1478 

+  61 

+-322 

0 

+32.2 

27 

p. 

1883 

2147 

+259 

1964 

1908 

-  56 

+  315 

0 

+31.5 

27 

p. 

1877 

2143 

+266 

1953 

1902 

-  51 

+317 

0 

+31.7 

28 

p. 

2351 

2182 

-169 

2412 

1953 

-459 

+290 

+1 

+28.9 

June  16 

p. 

1252 

1526 

+274 

1532 

1488  j 

-  44 

+318 

0 

+31.8 

16 

p. 

1968 

2501 

+533 

2238 

2467 

+229 

+  304 

-1 

+30.5 

16 

s. 

1955 

2529 

+574 

’  2231 

2454 

+223 

+351 

-1 

+35.2 

16 

s. 

1956 

2511  1 

+554 

2230 

2451  1 

+221 

+333 

1 

+33.4 

\rAan 

+35.3 

Coireotion  reducing  to  mea 

D  of  9999th,  lOOOOt 

h,  and  lOOOlst  lines  of  pendu- 

Inm-meter . 

-200.4 

Length  of  pendulum . 
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CONCLUDED  LENGTH  OF  THE  PENDULUM. 

Tbe  indirect  comparisons  of  the  U.  S.  penduliim  ineter  with  the  German  meter  No.  49  give  the 
following  result,  when  reduced  to  15^  0.: 


U.  S.  meter  —  German  pendulum-meter .  -1-131.6 

German  pendulum -meter  —  No.  1605  .  —103.1 

No.  1605  -  No.  49 .  -  40.7 


U.  S.  meter  —  No.  49  . .  —  12.2 

Direct  comparison,  U.  8.  meter  —  No.  49  .  .  —  20.0 


The  mean  of  these  values,  or  — 16m.1,  is  taken,  the  likelihood  of  error  of  the  two  methods  being 
estimated  as  equal.  The  bad  temperature  conditions  at  New  York  have  prevented  a  more  accurate 
determiuatiou  of  this  quantity ;  but  a  new  determination  will  be  undertaken  at  the  first  oppor¬ 
tunity. 

But  we  have,  for  15®  C. : 

No.  49  -  M  =  4-  277.2,  hence 
U.  8.  pendulum-meter  —  M  =  -f  261.1 

The  length  of  the  pendulum  at  the  different  stations  is,  therefore,  as  follows : 


Geneva . 
Paris  . . . 
Berlin  .. 
Kew .... 
Hoboken 


cvi. 

100.00624 

100.00799 

100.00840 

100.00871 

100.00960 


CENTER  OF  MASS. 

The  quantity  or  twice  the  distance  of  the  center  of  mass  of  the  pendulum  from  the 

center  of  figure,  was  observed  at  the  beginning  and  end  of  each  series  of  experiments,  and  also 
before  and  after  each  transposition  of  knife-edges.  The  apparatus,  method  of  observing,  etc.,  have 
been  elsewhere  described.*  Comparisons  at  the  U.  8.  Office  of  Weights  and  Measures  show  that 
the  39  centimeters  on  the  staff*  of  the  balance,  from  17  to  56,  are  6.14  mm  too  long.  This  correction 
applied,  we  obtain  for  —  ^u. 


At  Geneva . . 

At  other  stations  .... 

Tliqse  are  the  values  used. 


cm. 

.  39.284 

.  39.292 

The  separate  observations  are  shown  in  the  following  table : 


*  The  idea  of  determiniujir  tlie  center  of  masH  of  a  reversible  jiendidum,  instea^l  of  moving  a  weight  ujion  it, 
l»elong8  exclusively  to  Bessel. 

s.  Ex.  37 - 40 
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UNITED  STATES  COAST  SURVEY.— CENTER  OF  MASS  OF  REVERSIBLE  PENDULUM. 


GENEVA. 


1 

Knife  at 
heavy  end 
and  direc’n 
of  marked 
ends. 

Firma. 

HEAVY  END. 

LIGHT  EMD. 

i  1 

h4-hn 

j 

Concluded. 
h4  h. 

1  Date. 

Reading 
in  middle. 

Reading 
at  end. 

Reading 
in  middle. 

Reading 
at  end. 

1875. 

■ 

Sept  2 

1  forward . 

Up . 

17088 

01032 

56037 

00706 

16036 

55331 

39295 

1  39296 

Down. .. 

17089 

010281 

56038 

00701 

160404 

55337 

39297 

Sept.  2 

2  forward . 

Up . 

18088 

00049^ 

56039 

007064 

160364 

553324 

39296 

1  392P8 

Down. .. 

16088 

000534 

56037 

007044 

160324 

5.53324 

39300 

Sept  3 

2  forward  . 

Up  .... 

16087 

00046 

56036 

007014 

16031 

553344 

393034 

1  39299 

Down. .. 

160^8 

000454 

56037 

007004 

160424 

553364 

39294 

Sept  9 

1  forward . 

Up . 

16040 

000004 

56035 

00695 

160394 

55340 

308004 

1  39301 

Down. .. 

16040 

000014 

56034 

006944 

160384 

553304 

30301 

Sept  17 

2  forward . 

Up . 

16046 

00001 

56028 

00689 

16045 

55339 

30294 

Down. .. 

16045 

000024 

56027 

006884 

160424 

553384 

39296 

1  39205 

Mean  at  Greneva 

. 

39298 

Between  Geneva  and  Paris  observations,  the  pendulum  was  bent  and  straightened,  and  the  knife-edges  were  made 

parallel  and  ground. 

PARIS. 

1878. 

Jan.  22 

1  forward . 

Up . 

17024 

009774 

*  56051 

006924 

160464 

553584 

39312 

1  39310 

009734 

00693 

160504 

55358 

393074 

Jan.  29 

1  forward . 

Up . 

17023 

00975 

. 

56011 

00656 

16048 

55355 

39307 

Down. .. 

17023 

00971 

. 

006544 

16052 

553564 

393044 

/  OCFOW 

Jan.  29 

2  forward  . 

Up . 

17017 

009594 

66012 

00650 

160574 

55362 

393044 

1  39305 

00961 

00651 

16056 

55361 

39805 

Feb.  8 

2  forward . 

Up . 

17018 

00960 

56054 

00694 

16058 

55360 

30302 

Down . . . 

17017 

00957 

006924 

16060 

553614 

393014 

Feb.  8 

1  back  .... 

Up . 

17014 

00960 

56052 

006964 

16054 

553554 

393014 

1  39302 

00060 

00696 

16054 

55356 

39302 

Feb.  14 

1  back  .... 

Up . 

17016 

000614 

56050 

006834 

160544 

553664 

39312 

1  39310 

00960 

006864 

16056 

553634 

393074 

Feb.  14 

2  back  .... 

Up . 

. 

17003 

000474 

56050 

00689 

169554 

55361 

393054 

1  393064 

00946 

0068.54 

16057 

553644 

393074 

Feb.  24 

2  back  .... 

Up . 

17003 

00943 

56055 

00694 

16000 

55361 

39301 

00947 

006944 

16056 

553604 

393044 

*  Mean  at  Paris  . . 

30306 

1 
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BERLIN 


— 

Knife  at 
heavy  end 

HKAVY  END. 

UUUT 

END. 

Concluded, 
hj  — 

Date,  and  direct 'n 
j  of  marked 

1  ends. 

Firma. 

Reading 
in  middle. 

Reading 
at  end. 

Reading 
in  middle. 

Reading 
at  end. 

hH-h„ 

1876. 
Apr.  21 

Up.. 

17019 

00962 

.56054 

006794 

16057 

553744 

393174 

J  39316 

Down  . . 

00960 

00681 

16059 

55373 

39314 

Apr.  24 

1  forward . 

Up . 

17019 

00960 

56028 

006584 

16059 

553694 

393104 

1  39310 

Down _ 

00959 

00659 

16060 

55369 

39309 

Apr.  27 

2  forwanl . 

Up . 

17009 

00947 

56080 

006574 

16062 

553724 

393104 

j  39312 

Down . . . 

009454 

00653 

160634 

55377 

393134 

Apr.  27 

2  back  .... 

Up . 

17009 

009474 

56040 

00668 

160614 

55372 

393104 

1  39310 

009464 

006684 

160624 

553714 

39309 

. 

1  May  3 

. 

Up . 

Down. . . 

16996 

00931 

009244 

56038 

00669 

006694 

16065 

160714 

55369 

553684 

39304 

39297 

1  393004 

. 

Juno  3 

1  back _ 

Up . 

16996 

009294 

009314 

56040 

00671 

006714 

160664 

160644 

55369 

553684 

393024 

39304 

1  39303 

June  3 

2  back  .  .\ . 

Up . 

17014 

00951 

56040 

00672 

16068 

55368 

39305 

Down  . . 

00951 

00670 

16063 

55370 

39307 

Mean  at  Berlin  . 

39308 

KEW. 

1876. 
June  30 

2 . 

1  Up . 

17014 

009384 

56044 

1  00670 

160754 

55374 

392984 

1  39293 

Down. . . 

009404 

1 

009444 

00683 

160734 

160594 

55361 

392874 

39315 

July  6 

2 . 

i  Up . 

Down . . . 

17004 

56045 

006704 

006694 

55374i 

553754 

1  39316 

00946 

16058 

393174 

July  6 

, . 

Up . 

17004 

009444 

56057 

006884 

160594 

553684 

39309 

1  398074 

Down  . . 

00953 

00700 

16051 

55357 

39306 

July  11 

. 

Up . 

Down  . . 

16995 

. 1 

00930 

009284 

56056 

1 

006924 
!  00691 

1  16063 

i  160664 

553634 

55365 

1  393004 

1  392984 

1  392994 

1  Mean  at  Kew  . 

39304 

HOBOKEN. 

1877. 
Apr.  8 

2  forward . 

Up . 

16095 

00933 

56054 

00687 

16062 

55367 

39305 

1  89300 

Down  .. 

00929 

00693 

16066 

55361 

39295 

June  17 

2  forward . 

Up . 

17054 

00989 

56050 

00678 

16065 

55372 

39307 

1  39305 

Down. .. 

00985 

00678 

16069 

55372 

39303 

1878. 

May  6 

1  forward . 

Up . 

17046 

01003 

56046 

00686 

16043 

55360 

39317 

1  39813 

Down. . . 

00996 

00685 

16051 

55361 

39310 

Mean  at  Hoboken _ 

89806 

1 
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PEKIODS  OF  OSCILLATION  AND  VALLES  OF  GRAVITY. 

The  pendulum  was  swung  in  Hoboken  in  various  ways,  to  wit : 

1.  The  regular  set  was  made  on  the  Geneva  support  with  the  bells  off.  This  set  cannot  be 
compared  with  others  on  the  Rei)sold  support,  if  the  reductions  be  made  on  the  principle  of  the 
1‘eversible  pendulum,  owing  to  the  different  ways  in  which  the  knives  rest  on  the  two  supimrts. 
The  comparison  may,  however,  be  made  on  the  principle  of  the  invariable  pendulum,  so  as  to 
eliminate  this  effect. 

2.  Sets  of  experiments  were  made  at  various  pressures  on  the  Geneva  supimrt  with  the  bells  on. 
The  knife-edges  not  having  been  interchanged,  these  are  strictly  only  comparable  ainong  themselv^es. 

3.  Half  a  regular  set  was  made  on  the  Geneva  siijiiiort  with  the  bells  on  at  about  35°  C. 
There  were  a  few  additional  experiments  at  this  temperature  with  heavy  end  up  at  different 
pressures. 

4.  The  pendulum  wiis  swung  on  the  Repsold  sii])port  and  also  on  a  very  stiff  support  having 
the  head,  of  the  Repsold  support  as  a  part  of  it  (so  as  to  have  the  same  bearing  on  the  knives). 
The  object  of  these  experiments  was  to  determine  the  effect  of  tiexure  of  the  support 

A  conspectus  of  all  these  experiments  is  given  in  the  following  table : 

Periods  of  osciU<ition  of  the  pendulum  at  Hoboken  ;  reduced  to  one  ahHolute  atmosphere  and  to  1.5o  C., 
and  to  values  on  rigid  support  without  hells  or  cylinder. 


Heavy  end  down.  Heavy  end  up. 


No. 

No. 

Pre.8»- 

Temp. 

No. 

thousand  Press- 

Temp. 

No.  • 

thousand 

lire. 

C. 

Trf 

days,  oscillations.  lire. 

C. 

T„ 

days,  oscillations. 

ON  GENEVA  SUPPORT. 

intk  bells  on. 

. — Reynlar  set  to  determine  gravity. — 

■  Kn  i  res  i  n  ter  eh  a  nged. 

in. 

o 

s. 

in. 

c 

s. 

30 

20 

l.(K)6344 

8 

42 

30 

20 

1.00(i537 

8 

18 

With 

bells  on. — At  high  temperatu 

ires. 

in. 

o 

s. 

in. 

c 

8. 

30 

35 

1.006346 

4 

9.9. 

30 

35 

1.006544 

4 

<  Knives  inter- 

f  clianged. 

30 

34 

1.006530 

2 

6  j 

2i 

38 

umrm 

1 

5  r  Knife  No.  1. 

H 

34 

1.006521 

1 

2  ) 

With  hells 

on. — At  various  pressures.- 

—Knife  No.  1  at  heavy 

end. 

in. 

c 

8. 

in. 

c 

S. 

30 

18 

1.006349 

3 

16 

30 

10 

1.006539 

3 

13 

29 

11 

1.0065(M) 

2 

7 

27 

10 

1.006537 

1 

4 

221 

11 

1.006549 

1 

2 

15 

18 

1.006337 

2 

20 

15 

10 

1.006545 

1 

3 

n 

10 

1.006533 

2 

10 

5 

20 

1.006336 

1 

15 

H 

20 

1.006342 

1 

21 

1 

10 

1.006524 

1 

11 

2. 

4 

9 

1.006530 

4 

53 

h 

9 

1.006532 

4 

73 

ON  REPSOLD  SUPPORT. 

One  dayj  knife  Xo.  1  at  heavy  end 

;  ttvo  days  at  light  end. 

in. 

o 

8. 

in. 

o 

8. 

30 

14 

1.006355 

3 

4 

30 

14 

1.006516 

3 

4 

ON  8TIFFE8T  SUPPORT. 

Xtti/e  No.  1  at  light  end. 

in. 

o 

8. 

in. 

c 

8. 

30 

14 

1.006366 

1 

2 

30 

15 

1.006644 

1 

2 
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The  reductions  in  the  above  table  have  been  made  with  the  d,  priori  constants  of  atmospheric 
etteet,  and  with  the  coefficient  of  expansion,  18#*.38  per  degree  Centigrade.  A  correction  of 
+  73  X  10  for  inequality  of  knives  has  been  applied  to  the  three  last  results  with  heavy  end  up  at 
high  temperatures. 

The  agreement  of  the  several  experiments  of  the  regular  set  is  shown  by  the  following  table 
of  the  observed  periods  (uncorrected  for  the  effect  of  the  cylinders  and  of  flexure) : 

Hoboleti, — Regular  set. 


Mean 


Obs.  Td 

Obs.  Tu 

s. 

S. 

1.006352 

1.006559 

352 

560 

361 

546 

360 

558 

358 

544 

350 

539 

363 

551 

356 

534 

1.006357 

1.006548 

The  agreement  of  the  several  experiments  of  the  half  set  at  high  temperatures  is  shown  in 
the  following  table : 

Hoboken. — Half  set  at  high  temperatures. 

Obs.  Td  Ob8.  T« 

S.  S. 


1.006533 

1.006709 

541 

713 

536 

708 

534 

708 

706 

716 

708 

709 

It  will  be  seen  that  the  mean  results  of  the  experiments  of  the  regular  set  agree  as  well  as 
(;ould  be  expected  with  those  made  at  high  tempeiatures ;  which  shows  both  that  the  coefficient  of 
exj>aiisioii  is  correct,  and  also  that  the  correction  for  bell-glasses  is  happily  not  in  error.  Further 
to  compare  these  two  sets  of  experiments  we  may  calculate  the  mean  T*  which  is  to  be  used  when 
the  reduction  is  made  on  the  principle  of  the  reversible  pendulum,  and  also  the  mean  T*  which  is 
to  be  used  when  the  reduction  is  made  on  the  principle  of  the  invariable  pendulum.  Denoting  the 
former  by  [T^  Rev.]  and  the  latter  by  [T*  Inv.]  we  have  algebraically 


T  2  A  T  *  * 

[PRev.]  = 

hd  — 

FT*  Inv  1  — 

The  values  will  be 

[T»  luv.] 

[Ti  Rev.] 

From  regular  set . 

.  1.012846 

1.012410 

From  i  set  at  high  temperatures . 

.  1.012850 

1.012399 

Difference,  in  seconds,  per  day . 

.  0«.3 

0«.5 

We  may  next  examine  the  experiments  at  various  pressures.  Their  concordance  with  one 
another  is  very  good ;  but  the  reader  will  hardly  desire  to  see  the  single  experiments  set  forth 
hei*e;  particularly  as  all  the  means  are  given  in  the  tables  at  the  end  of  this  pai>er.  We  may 
exhibit  fP  Inv.]  and  [P  Rev.]  for  pairs  of  exi>eriments  under  nearly  the  same  pressure  but  in 
reversed  positions.  But  these  results  can  have  no  value  in  the  determination  of  gravity ;  nor  cau 


Digitized  by  i^ooQle 


318 


EEPOET  OF  THE  SUPEEINTENDENT  OF 


they  be  expect/ed  to  accord  with  those  just  obtained,  for,  not  to  speak  of  the  non-interchange  of 
knife-edges,  the  observations  in  the  two  positions  were  taken  at  intervals  of  months,  under  condi¬ 
tions  very  different  in  many  respects,  and  were  never  intended  to  be  usetl  for  obtaining  gravity, 
but  only  to  show  the  variation  of  the  period  and  decrement  of  arc  with  the  pressure. 


,  [T^  Inv.]  [T^  Rev.] 

From  expenuients  at  30  inches  down  and  30  inches  up .  1.012855(«)*  1.012425(«f 

From  experhuents  at  15  inches  down  and  15  inches  up .  1.012842  1.012376 

From  experiments  at  5  inches  down  and  7^  inches  up .  1.012832  1.012389 

From  experiments  at  1^  inches  down  and  1  inch  up .  1.012836  1.012424 

From  mean  of  experiments  at  ^  and  J  inch  down  and  exx)eri- 
ments  at  inch  up .  1.012841  1.012415 


The  agreement  is  sufficient  to  show  that  the  coefficient  of  atmospheric?  pressure  is  well  determined. 

We  pass  now  to  the  experiments  on  the  Eepsold  support  and  on  the  stiffest  support.  These 
were  not  very  carefully  made,  being  only  intended  to  show  that  the  effect  of  flexure  was  reaUy 
what  calculation  had  predicted.  Upon  these  supports  the  knife-edge  rested  on  steel  instead  of 
glass,  and  consequently  the  reductions  on  the  principle  of  the  reversible  pendulum  are  not  com¬ 
parable  with  results  of  experiments  on  the  Geneva  support  until  the  slip  shall  have  been  measured 
on  both  stands.  The  reductions  on  the  principle  of  the  invariable  pendulum  are,  however,  com¬ 


parable. 

['P  Inv.]  [T«  Rev.] 

From  experiments  on  stiffest  support .  1.012879(«)*  1.012512(«)* 

From  experiments  on  Eepsold  support .  1.012855  1.012514 

From  regidar  set .  1.012846 

J  Eepsold  and  stiffest  support,  in  seconds,  per  day.  1®.0  0*.l 

J  Eepsold  8upi>ort  and  regular  set .  0*.6 


We  may  now  proceed  to  compare  the  results  at  the  European  stations.  First,  the  results  of  the 
single  experiments  at  each  station  will  be  compared,  with  only  such  corrections  as  vary  from  day 
to  day.  Next,  the  values  of  [T^  Inv.J  and  ['P  Eev.]  will  be  given  for  each  station  after  correcting 
them  for  the  wear  of  the  edges  so  as  to  reduce  them  to  what  they  would  have  been  for  Paris,  just 
after  the  knives  had  been  ground.  Lastly,  we  shall  use  the  determinations  by  the  principle  of  the 
reversible  pendulum  of  the  absolute  length  of  the  seconds’  pendidum  (still  uncorrected  for  slip)  at 
each  station,  in  combination  w  ith  the  determinations  of  relative  gravity  on  the  i>rinciple  of  the 
invariable  pendulum,  in  order  to  find  four  independent  values  of  the  length  of  the  seconds’  pendu¬ 
lum  at  each  station.  These,  being  corrected  for  elevation,  will  be  comparable  with  the  results  of 
other  experiments.  The  Hoboken  experiments  on  the  Geneva  support  cannot  be  used  to  deter¬ 
mine  [P  Eev.]  until  the  slip  has  been  ascertained;  those  made  at  Hoboken,  on  the  Eepsold  sup¬ 
port,  must,  therefore,  be  used  in  place  of  them  for  the  present. 

Paris. — Periods  of  oscillation. 


Heavy  end  down. 

Heavy  end  up, 

S. 

s. 

1.006051 

1.006192 

048 

210 

047 

190 

048 

195 

048 

185 

052 

185 

062 

208 

053 

213 

Mean .  1.006051  1.006197 

The  results  on  the  last  two  days  at  Paris  were  affected  by  excessive  damp.  ^ 
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Mean 


Berlin. — Periode  of  oscillation. 

Heavy  end  down.  Heavy  end  up. 


s. 

s. 

1.005899 

1.006052 

901  • 

037 

896 

026 

890 

036 

901 

037 

896 

034 

899 

046 

895 

034 

1.005898 

1.006038 

Kew. — Periods  of  oscillation. 
Heavy  end  down.  Heavy  end  up. 

S. 

1.006077 
68 
73 
64 

70 

71 
64 
66 
70 
66 
59 
63 

72 

73 
66 

74 
77 
67 


Mean . .  1.005930  1.006069 

The  following  table  shows  the  results  of  Paris,  Berlin,  and  Kew  in  comparison : 

luv.]  [T*  Rev.]  Diff. 

Paris . . .  1.0121042(«)*  l.l)116956(«)*  4086 

Berlin .  1.0117925  1.0113934  3991 

Kew .  1.0118560  1.0114548  4012 


These  differences  involve  doable  the  square  roots  of  the  sums  of  the  squares  of  the  errors  of 
the  i)eriod8  of  oscillation  with  heavy  end  down  and  with  heavy  end  up.  Therefore,  the  Berlin  and 
Kew  differences  are  remarkably  close  together,  while  that  at  Paris  is  rather  divergent.  The  exper¬ 
iments  at  Hoboken  show  a  wide  discrepancy  in  this  difference,  owing  to  the  use  of  the  Geneva 
support.  Consequently  the  [T*  Bev.]  cannot  be  used. 

Now,  reducing  the  values  of  [T®  Rev.J  to  mean  solar  time  and  dividing  into  the  length  of  our 
pendulum  at  Paris  we  obtain  the  length  of  the  seconds’  pendulum  at  the  several  stations.  The 
ratios  of  the  [T*  Rev.J  at  the  different  stations,  being  inversely  as  the  length  of  the  seconds’  pendu¬ 
lum,  may  be  used  to  obtain  the  length  of  the  seconds’  pendulum  at  any  station,  from  the  value 


1.005935 

30 
29 

27 
25 

31 

28 
31 

29 

30 
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deduced  from  the  [T*  Rev.]  at  auy  other  station.  So  that  at  each  station  we  shall  have  not  only  a 
value  of  the  secmids’  pendulum  deduced  from  the  [T*  Rev.]  of  that  station  but  also  two  other  values 
deduced  from  tlie  [T*  Rev.]  of  the  two  other  stations.  These  three  values  will  have  nearly  equal 


weight.  They  are  as  follows  : 

For  Paris.  m. 

From  Paris  observations . 9939390 

From  Berlin  observations .  02 

From  Kew  observations .  20 


Mean . 9939337 

Reduction  to  sea-level . +  163 

Seconds’  pendulum  at  Paris  reduced  to  sea-level . 9939500 

For  Berlin.  m. 

From  Paris  observations . 9942362 

From  Berlin  observations . 9942452 

From  Kew  observations . 9942382 


Mean . 9942399 

Reduction  to  sea-level .  . +  83 

Seconds’  pendulum  at  Berlin  reduced  to  sea- level . 9942482 

For  Kew.  m. 

From  Paris  observations . 9941757 

From  Berlin  observations . 9941830 

From  Kew  observations . 9941740 


Mean . 9941776 

Reduction  to  sea-level .  +  14 

Seconds’  pendulum  at  Kew  reduced  to  sea-level . 9941790 


No  comparison  can  be  attempted  between  these  results  and  those  of  previous  exi>erimenters 
until  the  former  have  been  corrected  for  the  slip  of  the  knives  and  the  latter  have  been  reducexl 
anew  accorduig  to  modern  methods.  These  matters  will  be  treated  in  the  second  part  of  this  repoi  t 
with  results  which  will  be  found  satisfactory. 

The  pendulum  at  Geneva  was  virtually  a  different  pendulum  from  that  used  at  the  other  stations, 
becau^  of  the  accident  that  befel  it  after  the  Geneva  experiments.  These  experiments  can,  there¬ 
fore,  oidy  be  reduced  on  the  principle  of  the  reversible  pendulum.  The  concordance  of  the  single 
experiments  is  shown  in  the  following  table : 

GENEVA. 


T  8 

rp  2 

1.012599 

1.012814 

581 

775 

589 

797 

607 

793 

593 

789 

580 

767 

582 

763 

598 

783 

The  resulting  value  of  the  length  of  the  seconds’  pendulum  after  correcting  for  flexiu*e  in  the 
manner  exjdained  under  that  heading  is 

Length  of  seconds^  pendulum  at  Geneva. 


m. 

Experiments  of  Coast  Survey .  0.993556 

Professor  Plantjuuour’s  result .  0.993550 


The  a])pended  tables  show  the  details  of  the  expenments  at  the  different  stations. 
Respectfully  submitteil. 

C.  S.  PEIRCE, 

*  Assistant. 
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UNITED  STATES  GEODETIC  SURVEY.— PENDULUM  AT  PARIS,  1876. 


Date. 

1 

1 

1 

1 

Time  of  traoBit. 

Intervals. 

1 

h. 

m. 

9. 

9. 

Jan.  26  | 

26 

42.545 

1 

1 

39 

55.317 

792.772 

1 

1 

3 

41.846 

1426.529 

1 

54 

30.966 

3049.120 

1  Jan.  28  | 

36 

04.  848 

49 

17.  572 

792.724 

) 

13 

00.006 

1422.  514 

: 

3 

57.273 

3057. 187 

!  Fel>. 

2  1 

49 

57.380 

8 

6.109  ! 

788. 729 

26 

56.663  ' 

1430.554 

1 

17 

44.781 

3048. 118 

Feb. 

4 

21 

35.132 

1 

35 

26.122 

830.990 

58 

24.349 

1878. 227 

1 

1 

1 

43 

50.526 

2726177 

1 

'  Feb. 

9 

42 

04.281 

1 

56 

09.340 

845.059 

19 

09.561 

1380.  221 

! 

11 

36.262 

3146.  701 

1  Feb. 

1 

, 

22 

51.895 

' 

1 

36 

55.946 

844.  051 

1 

59 

57.  201 

1381. 255 

1 

1 

55 

45.135 

3347.934 

1 

Feb. 

21 

18 

49. 010 

1 

35 

29.053 

1000.043 

55 

5L888 

1222. 835 

48 

50.446 

3178.  558 

Feb. 

22 

48 

01. 742 

03 

15.250 

916  508 

28 

4.196 

148a  946 

1 

18 

3a  379 

3034.183 

s 

.  I 

37- 

— 41 

HEAVY  END  DOWN. 


Cor.  for 

arc. 

Corr.  time. 

Number 

oscilla¬ 

tions. 

Time,  one  ^ 
oscillation,  j 

.045 

792.727 

788 

1 

1.0059987  i 

.042 

1426  487 

1418 

59922  1 

.032 

3049.  088 

3031 

(5237) 

59644 

.045 

792.  679 

788 

1.0059378 

.042 

1422. 472 

1414 

59915 

.031 

3057. 156 

3039 

(5241) 

59743 

Change  of  knife-edges,  fh>m  No 

.  2  to  No.  1. 

1  .047 

788.682 

784 

1.0059720  1 

.042 

1430.  512 

1422 

59859 

.032 

3046  086 

3030 

(5236) 

59690 

.047 

830.943 

826 

L  0059843 

.040 

1376  187 

1370 

59759 

.027 

2726  150 

2710 

(4906) 

59594 

Change  of  knife-edget 

*,  from  No.  1  to  No.  2. 

1  .049 

845. 010 

840 

1. 0059642 

.042 

1380. 179 

1372 

59613 

.035 

3146.666 

3128 

(5340) 

59074 

1  .052 

843.999 

839 

1.0059583 

'  .043 

1381. 212 

1373 

59811 

1  .036 

3347.898 

3328 

(5540) 

59790 

Change  of  knife-edges,  fi-om  No.  2  to  No.  1. 

1  .056 

999.987 

994 

1.0060231 

.035 

1222.800 

1215J 

60054 

.035 

3178.  5-23 

3159i 

(5369) 

60209 

.054 

913.454 

908 

1.0060066 

'  .043 

1488.903 

1480 

60155 

1  .032 

i, _ 

3034. 151 

3016 

(5404) 

60182 

_  _ 

_ _ 

_ 

Kate. 

Cor.  for  1 

pressure,  j 

Cor.  for 
temp. 

Period,  1 
corrected. 

1 

+23 

1 

-79  1 

+  800 

1 

L  0060731 

+23 

-79 

+  796 

662  1 

+23 

-79 

+  792 

380  , 
(1.0060509)  1 

+  23 

-62 

+  788 

1.0060127  ! 

+23 

-62 

+  781 

657 

+23 

-62 

+776 

480 

(1.  0060475) 

+23 

-59 

+766 

1.0060450  1 

+23 

-59 

+769  j 

592 

+23 

—59 

+769  i 

423 

(1.  0060473) 

+  8 

-25 

+  808 

1.0060634 

+  8 

-25 

+  806 

548  1 

+  8 

-25 

+  815 

1 

1 

392 

(1.0060477)  1 

+  8 

1 

1  -15 

1 

1  +852 

1.0060487 

+  8 

1  -15 

+845 

451 

+  8 

1  -15 

1 

+830 

1 

497  j 
(1.0060484) 

+  8 

j  -09 

+  765 

L  0060347  1 

+  8 

1  -09 

+760 

570  1 

+  8 

-09 

+  756 

545  1 
(1.0060521)  I 

+  8 

-41 

1 

1  4  475 

1  1.0060673 

+  8 

-41 

+475 

1  496  1 

+  8 

-41 

t 

1 

+  469 

i 

645 

1(1.0060617)  ‘ 

+  8 

1  -30 

1  +400 

1  1.0060438 

+  8 

-30 

!  +402 

1  ^29 

-(-  8 

-36 

i 

4400 

554 

(1.  0060528) 

1 
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Date. 

I 


Jan.  26  | 


Jan.  29  * 


1  Feb.  2 


Feb.  4 


I  Feb.  9 


Feb.  14 


Feb.  21 


Feb.  22 


PENDULUM  AT  PARIS,  1876— Continned. 

HEAVY  END  UP. 


Time  of  transit. 

Intervals. 

^  Cor.  for 

1  arc. 

i 

Corr.  time. ' 

Number 

oscilla¬ 

tions. 

1 

Time,  one 
j  oscillation. 

1  1 

Rate. 

Cor.  for  * 
pressure. 

1 

Cor.  for 
temp. 

1  ^  1 

Period,  i 
corrected.  [ 

h.  m. 

s.  1 

8. 

1 

33 

30. 148 

^  . 017  ' 

i 

38 

20.301  j 

350. 153 

850. 136 

348 

j  1.0061379 

+23 

-183 

+692  ' 

1.0061911 

49 

42.  Ill  i 

621. 810 

j  .  018 

621. 792 

618 

1  61359 

1  -1-23 

-183  1 

+690 

1889 

11 

52.245 

1330. 134 

'  .015 

1380. 119 

1322 

61415 

'  +23 

-183 

+685  1 

1940 

I 

1 

(2288) 

1 

1 

1 

(1.  0061922) 

27 

10.  797 

1 

1 

32 

56.946 

346. 149 

.020 

1  346.129 

344 

^  1.0061899 

+23 

-152 

-4-640 

2410 

43 

22.790  1 

1  625.844 

.019 

1  625.825 

622 

1  61500 

-1-23 

-152  1 

4639 

2010 

06 

45.096 

1 

1 

-152  ^ 

1 

28 

57.261 

1  1332. 166 

!  .014 

1332.151 

1324 

1  1.0061563 

-1-23 

4631 

2065  i 

1 

(2290) 

i 

1 

(1.0062102)  1 

Change  of  knife-edges,  from  No, 

.  1  to  No.  2. 

1 

42 

06.507  1 

i 

1 

47 

52. 620  ' 

346.113 

.021 

346.092 

,  344 

1. 0060814 

-f23 

-127  , 

-4-616 

1326 

58 

20.449  1 

627.829 

.019  1 

627.810 

624 

61058 

-f23 

-127  ' 

-4-614 

1568 

20 

28.601  1 

1327. 152 

.015  , 

1327. 137 

1319 

61692 

+23 

-127 

4614 

2202  , 

1 

(2287) 

1 

'(1. 0061897) 

37 

42.973 

1 

43 

50.238 

368.265 

.021 

36a244 

366 

1.  0061311 

-f08 

-050 

-f641 

1  i»io  , 

53 

51.932 

601.694 

.019 

601.675  i 

598 

61455 

408 

-050 

4548 

2061  1 

14 

5.338  1 

1213.406 

.014  1 

1213.392 

1206 

61294 

-f-08 

-050  , 

+649 

1901  1 

1 

1 

(2170) 

(1.0061946) 

Change  of  knife-edges,  from  No.  2  to  No.  1. 

15 

38.392 

1 

I  1 

21 

46.660 

368.268 

.023 

368.245 

366 

1.  0061339 

1  +08 

1 

§ 

+690 

1  2006 

31 

50.  357 

603.697 

1  .018 

603.  679 

600 

61317 

1  +08 

.  -031 

+681 

1975 

54 

54.  778 

1384. 421 

.015 

1384.406 

1376 

61090 

j  +98 

j  -031 

4682 

(2342) 

1 

'(1.0061847)  1 

57 

20.800 

1 

1 

3 

27.  026 

366.226 

.024 

366.202 

.  364 

1.0060494 

1  +08 

1  -017 

1  +685 

1  1170  1 

13 

40. 787 

613. 761 

.017 

613. 744 

610 

61377 

1  .  +08 

'  -017 

,  +685 

2053  1 

37 

49.623 

1448.836 

.015 

1448.821 

1440 

61257 

j  408 

j  -017 

4683 

1  1931 

'  (2414) 

(1.0061847)  1 

Change  of  knife-edges,  from  No.  1  to  No.  2. 

1 

9 

17. 620 

) 

1 

1 

16 

01. 129 

403.509 

.024 

403.485 

401 

1.0061930 

408 

1  -090 

+389 

2237  1 

25 

41.  719 

580.590 

.017 

i  580. 573 

577 

61924 

-1-08 

1  -090 

+389 

2231 

47 

33.  776 

1312.  057 

.  017 

1812.040 

1304 

61656 

4-08 

1  -090 

4389 

1963  1 

I 

'  (2282) 

1 

1 

(1.0062078)  1 

42 

43.316  j 

1  , 

1 

49 

23.814 

400.498 

.024  i 

400. 474 

398  * 

'  1.0062161 

+08 

-087 

4376 

2458 

59 

17.467  i 

!  593. 653 

i  .  018  1 

593.635 

590 

61610 

1  +08 

-087 

4373 

1904 

21 

13. 570  j 

1316.103  ' 

.014 

1316. 089 

1308  j 

61842  ' 

408 

-087 

4368 

2131 

1 

! 

_  1 

(2296) 

*  1 

(1.  0062129) 
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UNITED  STATES  COAST  SURVEY.— PENDULUM  AT  BERLIN,  1876. 


HEAVY  END  DOWN. 


I  1 

Date. 

1  i 

Time  of  transit. 

' 

Intervals. 

Cor.  for 

arc. 

CoTT.  time. 

Number  Time,  one 
oscillation. 

tions. 

Kate. 

Cor.  for 
pressnre. 

Cor.  for 
temp. 

l*erio<l, 

corrected. 

1 

A. 

m. 

«. 

i. 

Apr. 

20  i 

7 

46 

a  276 

1 

1 

8 

00 

27.356 

861. 080 

.0.51 

861. 029 

856  1. 0058750 

- 

20 

-05 

+  235 

1.0058960 

1 

1 

25 

22. 154 

1494.798 

.044 

1494. 754 

1486  58910 

- 

20 

-05 

-f-229 

9114 

1 

9 

15 

45.845 

3023.  601 

.032 

3023.  659 

3006  58744 

- 

20 

-05 

-1-219 

8938 

(5348) 

(1.  0058990) 

Apr. 

24 

7 

58 

29.726 

1 

8 

12 

56.855 

867.429 

.050 

867.079 

862  1.0058853 

- 

05 

-50 

+  163 

1.  0058961 

1 

8 

37 

11. 415 

1454.560 

.<•43 

1454.  517 

1446  58900 

- 

05 

-50 

+  154 

8999 

0 

26 

50.885 

2979.  470 

.032 

2979.438 

2962  58872 

- 

05 

-50 

+  141 

8958 

(5270) 

(1.0059011) 

Cliange  of  knife-edges^  from  No.  2  to  No.  1. 

1 

Apr. 

25 

7 

52 

42.  427 

! 

1 

8 

5 

34.992 

772.565 

.046 

772.  519 

768  1. 0058841 

+ 

20 

-47 

+  183 

1.  00.58947 

' 

8 

31 

10. 033 

1535.041 

.046 

1534.995 

1526  58945 

-f 

20 

-47 

+  127 

9045 

1 

9 

22 

11.466 

3061.433 

.032 

3061. 401 

3043J  '  58817 

+ 

20 

-47 

+  120 

8910 

(5337*)! 

(1.0058954) 

1  Apr. 

2« 

7 

24 

10.687 

1 

1 

7 

39 

9.489 

898.802 

.053 

898  749 

8d3i  1.0058747 

+ 

20 

-44 

+  160 

1.0058883 

1 

8 

03 

22.545 

14,53.  056 

.043 

1453.  013 

14444  1  58934 

+ 

20 

-44 

+  153 

9063 

8 

53 

58. 330 

3035.785 

.032 

3035. 753 

3018  j  58824 

+ 

20 

-44 

+  135 

8935 

(5356)  ! 

(1.0658959) 

I  Apr. 

28 

9 

55 

51.699 

i 

1 

10 

10 

35.938 

884.239 

.052 

884. 187 

879  '  1.0059011 

- 

20 

-18 

+  117 

1.0059090 

10 

35 

1.069 

1465. 131 

.043 

146.5.  088 

14564 

20 

-18 

+  110 

9035 

11 

26 

23.675 

3082.606 

.033 

3082.  573 

30644  1  58949 

20 

-18 

+  103 

9014 

(5400)  1 

(1.  0059031) 

Apr. 

29 

10 

4 

4.873 

10 

19 

11.260 

906.387 

.053 

906.334 

901  1  1.0059201 

- 

24 

00 

+077 

1.0059254 

10 

44 

3.5.  226 

1523.966 

.044 

1523.922 

1515  58891 

— 

24 

00 

-f072 

8939 

11 

33 

55.599 

2960.373  1 

.032 

2960.  341 

2943  1  58923 

— 

24 

00 

-1-069 

8968 

! 

i 

(5359) 

1 

(1.0059007) 

Change  of  kuife-edgeSf  from  No.  1  to  No.  2. 

Apr. 

30 

9 

48 

32.618 

1 

10 

3 

18.235 

885.617 

.052 

885.565 

8804  1.0057524 

41266 

-09 

+078 

1.00.58857 

10 

27 

33.128 

1454.893 

.043 

1454.8.50 

14464  57726 

+  1266 

-09 

-1-074 

1  9057 

11 

17 

49.445 

30ia  317 

.032 

30ia  2s5 

2999  57636 

+  1266 

-09 

+072 

8965 

(.5326)  1 

(1.0058970) 

May 

2 

10 

9 

4.306 

i 

10 

23 

83.445 

869. 139 

.051 

869.088 

864  1  1.0058889 

- 

20 

-24 

+078 

I  1.0058923 

10 

47 

48.008 

1454.563 

.043 

1454.  520 

1446  58921 

- 

20 

-24 

+  076 

8953 

10 

87 

29.499 

298L491 

.032 

2981.459 

2964  58904 

- 

20 

-24 

+070  1 

k  ‘  8930 

1 

(5274) 

j 

(1.0058934) 
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EEPOET  OF  THE  8UPEE1NTENDENT  OF 


PENDULUM  AT  BERLIN,  1876— Continued. 

HEAVY  END  UP. 


Date. 

Time  of  transit. 

Intervals. 

Cor.  for 

arc. 

Corr.  time. 

Numbt'r 

oscilla¬ 

tions. 

Time,  one  I 
oscillation. 

1 

Cor.  for 
pressure. 

Cor.  for 
temp. 

Period, 

corrected- 

k. 

m. 

i. 

». 

Apr.  20 

10 

39 

53.808 

4."^ 

21.  794 

327.986 

.018 

327.968 

326 

1.0060368 

-20 

-  13 

+  1.58 

1.0060493 

55 

55.608 

633. 814 

.019 

63.3.795 

630 

60238 

-20 

-  13 

-+158 

60363 

11 

17 

55.051 

1319. 443 

.014 

1319.  429 

13111 

60458 

-20 

-  13 

^-167 

60582 

(2267i) 

Apr.  24 

10 

39 

34.322 

44 

44.200 

309.  878 

.017 

309.861 

308 

1.0060422 

-05 

-114 

+102 

1.0060405 

55 

42.192 

657.992 

.020 

657.  972 

654 

60734 

-05 

-114 

+101 

60716 

11 

18 

22.348 

1360. 156 

.014 

1360. 142 

1352 

60240 

-05 

-114 

+  098 

60219 

<2314) 

Change  of  knife-edges,  from  No 

1  to  No.  2. 

Apr.  25 

10 

40 

17. 215 

46 

13.008 

296.  793 

.020 

295.773 

294 

1.  0060306 

+  20 

-106 

+  081 

1.  0060301 

57 

10.481 

656.473 

.020 

657. 453 

653^ 

60490 

+  20 

-106 

^080 

60484 

11 

19 

31.024 

1340.543 

.014 

1340.529 

13321 

60255 

+  20 

-106 

+  079 

60248 

(2280) 

Apr.  26 

10 

24 

38.854 

. 

29 

50. 246 

311.392 

.017 

31L375 

3094 

1.  0060.582 

+20 

-  89 

+  089 

1.0060602 

40 

46.193 

655.947 

.020 

65.5.  927 

6.52 

602.30 

-)20 

-  89 

+  088 

60249 

11 

3 

16.807 

1350.  614 

.014 

1350.600 

13424 

60335 

+  20 

-  80  j 

4086 

60352 

(2304) 

Apr.  28  1 

7 

26 

20.  727 

31 

12.494 

291.  767 

.017 

291. 7.50 

290 

1.0060345 

-20 

-  52  ; 

+  144 

1.0060417 

42 

45.149  1 

692.655 

.021 

692.634 

6884 

60044 

-20 

1  -  52 

+139 

60111 

8 

5 

17.247 

1352.  098 

.014 

1352. 084 

1344 

60141 

*  -20 

-  .52  1 

'  +131 

69200 

1 

(23224) 

1  ' 

Apr.  29 

7 

49 

31.  597 

1 

1  ! 

1 

55 

27.757  ‘ 

356. 160 

.020 

356. 140 

354 

1.00604.52 

-24 

-  0.3 

+098 

1.  0060523 

8 

5 

47.463  i 

619.  706 

.018 

619.688 

616 

59870 

-24 

1  -  03 

+  095 

59938 

28 

19.558  1 

1352.095 

.014 

1352. 081 

1344 

60126 

-24 

-  03  ! 

1  +091 

60190 

1 

(2314) 

1 

Change  of  knife-edges,  from  No 

,  2  to  No.  1. 

Apr.  30  1 

7 

58 

1. 799 

1 

8 

3 

17.204 

315.  405 

.018 

315. 387 

3134 

1.  0060191 

'  -15 

1  -  06 

+  097 

L  0060267 

13 

51.007 

633.  803 

.018 

633.  785 

630 

60079 

'  -15 

-  06 

+095 

60153 

35 

46.924  ' 

1315.917 

.014 

1315. 903 

1308 

60420 

-15 

j  -  06 

+  088 

60487 

(22514) 

1 

May  2 

8 

9 

14.734 

1 

1 

14 

24.588 

309.854 

.017 

309.837 

308 

1.0059643 

!  -20 

-  48 

+  081 

1.  0059656 

25 

6.451 

641.  863 

.019 

641.844 

638 

60251 

-20 

-  48 

+080 

60263 

1 

46 

46.262 

1299.811 

.013 

1299.  798 

1292 

60356 

-20 

-  48 

+  077 

60365 

1 

1 

(2238) 

!  1 

i 

i 
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UNITED  STATES  GEODETIC  SURVEY.— PENDULUM  AT  BERLIN,  1876.— SECOND  READING  OF  FILLETS. 

HEAVY  END  DOTVN. 


Date. 

Time  of  transit. 

Intervals. 

Cor.  for 

arc. 

Corr.  time. 

Number 

oscilla¬ 

tions. 

Time,  one 
oscillation. 

Rate. 

Cor.  for 
pressure. 

Cor.  for 
temp. 

Period, 

corrected. 

1 

, 

h. 

m. 

9. 

9. 

1 

Apr.  20 

7 

46 

6.276 

8 

0 

25.843 

859.067 

.051 

859.016 

854 

1.0058735 

- 

20 

-05 

-f.235 

1.0058945  1 

; 

8 

25 

22.154 

1496.811 

.044 

1496. 767 

1488 

58918 

- 

20 

-05 

-f229 

9122 

0 

15 

45.846 

3023.692 

.032 

3023.660 

3006 

58749 

- 

20 

1  -06 

-(-219 

8943 

(5348) 

(1.0058993)  1 

Apr.  24  1 

7 

58 

29.727 

8 

12 

56.855 

867.128 

.050 

867.078 

862 

1. 0058910 

- 

05 

-50 

+  163  1 

;  1.0069018  1 

8 

37 

U.  417 

1454.562 

.043 

1454.519 

1446 

58914 

- 

05 

1  : 

+154 

9013 

9 

96 

50.882 

2979.465 

.032 

2979.433  i 

2962 

58855 

- 

05 

-50 

-fl41 

8941  1 

(5270) 

(L  0059017)  1 

Apr.  25 

7 

52 

42.430 

' 

8 

5 

34.999 

772.569 

.046 

772.523 

■  768 

1.0058893 

+ 

20 

-47 

-1-133 

1  1.0058999 

8 

31 

.030 

1535.  031 

.046 

1534.985 

1526 

58879 

+ 

20 

-47 

+  127 

8979 

9 

22 

11. 470 

3061.440 

.032 

3061.408 

30431 

58840 

+ 

20 

1  -47 

+  120 

8933  1 

j 

(5337J) 

1(1.0058956) 

1  Apr.  26 

. 

1  , 

• 

.... 

1 

. 1 

j 

1 

. 1 

1 

.1 . . . ' 

j  Apr. 

28 

9 

55 

52.194 

10 

10 

35.934 

883.740 

.052 

883.688 

878i 

1.0059055 

-  20 

-18 

-fll7 

1.  0059184 

10 

35 

1.062 

1465.128 

.043 

.1465.085 

14561 

58942 

-  20 

-18 

+  110 

!  9014 

11 

26 

23.678 

3082. 611 

.038 

3082.578  i 

3064i 

58992 

-  20 

-18 

-1-103 

1  9057 

i 

(5399i) 

1 

(1.0059058)  1 

Apr. 

20 

10 

4 

4.892 

1 

' 

10 

19 

11.260 

906.368 

.053 

906.815 

901 

1.0058990 

-  24 

00 

+077 

1.0059043 

10 

44 

35.225 

1523.965 

.044 

1523. 921 

1515 

58884 

-  24 

00 

-1-072 

I  8932 

11 

33 

55.598 

2960.373 

.032 

2960.341  1 

2943 

58923 

-  24 

00 

+069 

;  8968 

i 

(5359) 

(1.  0058969) 

'  Apr. 

30 

9 

48 

32.615 

i 

, 

i 

1 

10 

3 

18.248 

885.633 

.052 

88.5.581 

8801 

1.0057706 

+1266 

-09 

+078 

1  1.0050041 

10 

27 

33.126  ^ 

1454.878 

.043 

1454.835  : 

1446^ 

57691 

-1-1266 

-09 

-1-074 

1  0022 

11 

17 

49.446 

3016.330 

.032 

8016.288  ^ 

2999 

57646 

+1266 

-09 

+072 

8975 

(5326) 

(1.0058997) 

,  May 

2 

10 

9 

4.303 

1 

, 

i 

10 

23 

33.441 

1  869. 138 

.0.51 

869.087  ‘ 

864 

1.0058877 

-  20 

-24 

+  078 

1.0058011 

10 

47 

48.007 

1454.566 

.043 

,  1454.523  , 

1446 

58942 

-  20 

-24 

.f076 

8974 

11 

37 

29.497 

1  2981.490 

.032 

2981.458 

2964 

58900  ' 

-  20 

-24 

+070 

)  8926 

.  1 

(5274)  1 

(1.0058936) 

Digitized  by 


326 


EEPOET  OF  THE  STTPEEINTENDENT  OP 


PENDULUM  AT  BERLIN,  1876.— SECOND  READING  OF  FILLETS— Continued. 

HEAVY  END  UP. 


1 

Date. 

Time  of  transit. 

Intervals. 

Cor.  for 

arc 

Corr.  time. 

Number 

oscilla¬ 

tions. 

Time,  one 
oscillation.  1 

' 

Rate. 

Cor.  for 
pressure. 

Cor.  for 
temp. 

. 

Period, 

corrected. 

1 

h. 

m. 

i. 

9. 

Apr.  20 

10 

39 

53.808 

10 

45 

21. 795 

327.987 

.018 

327.969 

326 

1.0060399 

-20 

-  13 

-1-158 

1.0060624 

10 

55 

55.606 

633. 811 

.010 

63a  796 

630 

60254 

-20 

-  13 

-fl58 

60379 

11 

17 

55.066 

1319. 450 

.014 

1319.432 

1311^ 

60480 

-20 

-  18 

-1-157 

60604 

(22«74)1 

Apr.  24 

10 

30 

34. 319 

10 

44 

44.199 

309.880 

.017 

309.863 

308 

1.0060427 

-  5 

-114 

-f-102 

1. 0060410 

10 

55 

42.186 

657.987 

.020 

657.967 

654 

60657 

-  5 

-114 

-1-101 

60639 

11 

18 

22.345 

1360. 159 

.014 

1360.145 

1352 

60244 

-  5 

-114 

-I-  98 

60228 

(2314) 

Apr.  25 

10 

40 

17. 219 

10 

46 

13.007 

295.788 

.020 

295.768 

294 

1. 0060136 

.f20 

-106 

+  81 

1. 0060131 

10 

57 

10.480 

657.473 

.020 

657.453 

«SS4 

60490 

-f.20 

-106 

+  80 

60484 

11 

19 

31.  001 

1340. 521 

.014 

1340.507 

13324 

60000 

H-20 

-106 

-f-  79 

60083 

(2280) 

1 

Apr.  26 

. 

1 

_ 

. 1 . 

. i . ! . 

. 1 

.  . 

_ i _ 1 _ 

Apr.  28 

7 

76 

20.728 

1 

i 

7 

31 

12.491 

291.763 

.017 

291. 746 

290 

1.0060207 

-20 

-  52 

i  +144 

1.0060279 

7 

42 

45.140 

602.649 

.021 

692.628  1 

6884 

50056  1 

-20 

-  52 

+139 

60023 

8 

5 

17.248 

1352. 108 

.014 

1352  094  ; 

1344 

60223 

-20 

-  52 

+131 

60282 

(23224) 

Apr.  29 

7 

49 

31.594 

7 

55 

27.736 

356.141 

.020 

356. 121 

854 

1.0050015  1 

-24 

-  3 

1  +  98 

L005e986 

8 

5 

47. 463 

619. 728 

.018 

619.710 

616 

60227 

-24 

-  8 

1  +» 

60205 

8 

28 

19.558 

1352. 095 

.014 

1352  081  j 

1344 

60126  1 

-24 

-  8 

1  +W 

60100 

1 

(2314)  'i 

Apr.  30 

7 

58 

1. 801 

! 

1 

8 

3 

17.204 

315.403 

.018 

315. 385 

313i 

1.0060128 

-15 

-  6 

1  -f  97 

L  0060204 

8 

13 

51.007 

63a  803 

.018 

1  683. 785 

1  630 

60070 

-15 

-  6 

1  +  96 

60153 

8 

35 

46.925 

1315.  918 

.014 

'  1315. 904 

1808 

60428 

-15 

-  6 

+  88 

60495 

(22514) 

May  20 

8 

9 

14.732 

1 

' 

1 

8 

14 

24.603 

309.861 

.017 

'  309.844 

308 

L  0050870 

-20 

-  48 

.  +  81 

1.0()59883 

8 

25 

&441 

641.848 

.019 

.  641.829 

1  638 

00016  ' 

-20 

-  48 

+  80 

60028 

8 

46 

46.260 

1290. 810 

.013 

1  1299.806 

1292 

60418  1 

-20 

-  48 

,  +77 

60427 

! 

(2238) 

1 

1 
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UNITED  STATES  COAST  SURVEY.— PENDULUM  AT  REW,  JULY,  1876. 

HEAVY  END  'DOWS, 


1 

Date. 

Method. 

Time  of  transit. 

Intervals. 

Cor.  for 

arc. 

;  Corr.  time. 

Number 

oscilla¬ 

tions. 

Time,  one 
osciEation. 

Rate. 

Cor.  for 
pressure. 

Cor.  for 
temp. 

Period, 

corrected. 

h. 

m. 

9. 

9. 

July 

1 

A 

10 

21 

7.884 

D 

10 

36 

32.320 

024.436 

.055 

1  024.381 

919 

1.0058552 

+1269 

-41 

-293 

L  0059487 

D 

11 

2 

46.510 

1574. 100 

.045 

1574.145 

1565 

58435 

+1269 

-41 

-296 

367 

D 

11 

51 

56.675 

2050.165 

.029 

2950.136 

2933 

58425 

+1260 

-41 

-298 

355 

(5417) 

(1. 0059881) 

July 

2 

D 

6 

42 

58.365 

1 

C 

6 

58 

35.845 

037.480 

.054 

937.426 

932 

1. 0058219 

+1281 

-50 

-291 

1.  0059159 

C 

7 

21 

52.006 

1306.161 

.041 

1396. 120 

1388 

58501 

+1281 

-50 

-300 

432 

B 

8 

12 

44.764 

3052.758 

.032 

'  3052.726 

3035 

58405 

+1281 

-50 

-305 

331 

(5355) 

1 

(1.0050328) 

July 

3 

A 

6 

52 

30.100 

1 

D 

7 

10 

46.638 

1006.430 

.050 

,  1096.380 

1090 

1.0058532  ^ 

1  +1275 

-60 

-329 

L  0059418 

A 

7 

31 

10.845 

1233.207 

.035 

'  1233.172 

1226 

58499 

1  +1275  1 

1  -60  1 

-333 

381 

A 

8 

21 

53.837 

3008.002 

.033 

!  3093.959 

3076  1 

58384' 

,  +1275  1 

-60 

-334  1 

265 

(5392) 

: 

(L  0059322) 

July 

4 

B 

8 

47 

30.365 

-  i 

■ 

D 

6 

2 

52.780 

I  022.415 

.053 

;  922. 362 

917 

1.0058473 

+1271  1 

1 

-311 

1.0050380 

A 

6 

26 

30.040 

1417. 260 

.042 

!  1417.227 

1409 

58389 

+  1271 

-53 

-322 

285 

A 

7 

17 

51.073 

3081.024 

.032 

1  3081.892 

3064 

58394 

+1271 

!  -53 

.  -328 

284 

1 

1 

(5390) 

(1.0059301) 

July 

4 

B 

10 

0 

10.507 

1  ■ 

1 

1 

A 

10 

24 

41.082 

031. 475 

.053 

1  931. 422 

926 

1.0058553 

+  1271 

-51 

1  -334 

I  1.0059439 

B 

10 

48 

10.172 

140ai00 

.042 

140ai48  i 

1400 

58200 

+1271 

-51 

-333 

087 

B 

11 

.40 

42.517 

1  3152.345 

.033 

{  3152.312 

8134 

58430 

+1271 

-51 

-329 

321 

I  <5460)  I  ^  '  ;<!.  0050281)  | 

Change  of  knife^gee,  from  No.  1  to  So.  2. 


July 

7 

1  D 

6 

25 

10.062 

1 

1 

1 

1 

6 

40 

30.456 

020.304 

.052 

920. 342 

915 

1.0068383 

+1297 

-29 

-330 

1.0050321  : 

1  C 

7 

4 

35.888 

1445. 427 

.042 

1445.385 

1437 

58351 

+1297 

-29 

-342 

277  j 

1  ^ 

7 

56 

2L045 

3106.062 

.033  ’ 

3106.529 

1  3088 

58384 

+1207 

-29 

-357 

205 

(5440) 

(L  0050295) 

July 

7 

1  ^ 

10 

31 

28.644 

1 

B 

10 

47 

16.214 

947. 570 

.054 

947. 516 

942 

L  0058566 

+1207 

-26 

-888 

1.0059439 

1  B  . 

11 

11 

ia607 

1442.803 

.042 

1442. 351 

1434 

58236 

+1207 

-26 

-388 

119 

*  D 

12 

4 

26.142 

3186.535 

.033 

3186.502 

3168 

58403 

+1297 

-26 

-386 

288  1 

1  B 

(5544) 

[ 

(1.0059270) 

July 

8 

6 

28 

&506 

1 

1  A 

6 

43 

50.039 

943.533 

.055 

943.478 

938 

1.0058400 

+  1810 

-22 

-342 

1.0050346  ^ 

!  B 

7 

7 

46.412 

1436.373 

.042 

1436.331 

1428 

58340 

+1810 

-22 

-345 

283  1 

B 

7 

59 

32.460 

3106.048 

.033 

3106.015 

3088 

58339 

+1310 

-22 

-846 

281 

(5454) 

(1.0050293) 

July 

9 

B 

7 

16 

52.359 

A 

7 

32 

33.873 

941. 514 

.054 

941.460 

936 

1.0068333 

+  1287 

-43 

-318 

1.0059259 

B 

7 

56 

32.249 

1438. 376 

.042 

1438.334 

1430 

58280 

+  1287 

-43 

-325 

109 

B 

8 

48 

46.480 

3134.231 

.082 

3134. 199 

3116 

58405 

+1287 

-43 

-330 

319  1 

1  (5482) 

(1.0050277) 

July 

10 

D 

7 

22 

30.081 

t 

D 

7 

38 

20.486 

040.505 

.054 

940.451 

935 

1.0058200 

+1300 

-50 

-256 

1.0060294 

B 

8 

3 

84.306 

1513. 819 

.043 

1513.776  1 

1505 

58312 

+1300 

-50 

-261 

301  ! 

A 

8 

58 

51.827 

3017. 522 

.032 

3017. 400 

^  8000 

58800 

-+1300 

-50 

-260 

281  1 

1 

(5440) 

(1.0060280)  j 
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EEPORT  OF  THE  SUPERINTENDED  OF 


Date. 


July  1 


July  2 


July  2 


July  3 


July  3 


July  4 


July  4 


July  4 


July  4 


PENDULUM  AT  KEW,  JULY,  1876— Continued. 

HEAVY  END  UP. 


1 

Method. 

Time  of  transit. 

Intervals. 

Cor.  for 

arc. 

CoiT.  time. 

Number 

oscilla¬ 

tions. 

Time,  one 
oscillation. 

Rate. 

Cor.  for 
pressure. 

Cor.  for 
temp. 

Period, 

corrected. 

i 

h. 

m. 

i. 

«. 

1 

12 

4 

38.635 

12 

10 

35.776 

857. 141 

.020 

357. 121 

355 

1. 0059746 

+  1260 

-  92 

-248 

1.0060675 

12 

22 

3.866 

688.090 

.020 

688.070 

684 

59503 

-fl269 

-  92 

-251 

429 

' . 

12 

43 

40.584 

1296.  718 

.013 

1296.705 

1289 

59775 

-rl269 

-  92 

-253 

690 

(2328) 

(L  0060612) 

5 

12 

52.612 

5 

19 

54.123 

421.  511 

.019 

421.492 

419 

1.  0059475 

4*1281 

-114 

-213 

L  0060429 

5 

30 

29.920 

635.797 

.017 

635.780 

632 

59810 

+  1281 

-114 

-221 

756 

5 

53 

52.226 

1402.306 

.013 

1402.293 

1394 

59491 

+  1281 

-114 

-226 

432 

(2445) 

(L  0060515) 

8 

26 

28.214 

8 

32 

50.506 

382.292 

.021 

382.271 

380 

1.  0059763 

4-1281 

-117 

-263 

1.0060664 

8 

42 

56.119 

605.  613 

.018 

605.595 

602 

59718 

+  1281 

-117 

-269 

613 

1 . 

9 

5 

38.207 

1362. 088 

.014 

1362.074 

1354 

59631 

4-1281 

-117 

-272 

523 

• 

(2336) 

(1. 0060569) 

5 

36 

32.199 

5 

42 

50. 446 

378.247 

.022 

378.225 

376 

L  0059176 

4-1275 

-140 

-243 

1.0060068 

5 

53 

32.262 

641.  816 

.019 

641. 797 

638 

59514 

4-1275 

-140 

-248 

401 

6 

16 

20.400 

1368. 138 

.014 

1368.124 

1360 

59755 

+  1275 

-140 

-257 

633 

(2374) 

(1.0060481) 

9 

39 

10.524 

1 

. 

9 

45 

43.885 

393.  361 

.023 

393.338 

391 

1  1.0059795 

+1275 

-133 

-284 

1.0060653 

9 

56 

00.545 

616.660 

.018 

616. 642 

613 

1  59413 

+  1275 

-133 

-287 

1  268 

10 

19 

1. 766 

1381. 221 

.014 

1381.207 

1373 

59774 

+  1275 

-133 

-291 

625 

1  (2377) 

1(1.0060538) 

4 

45 

55.609 

1 

4 

52 

81.981 

396.372 

.023 

396.349 

'  394 

L  0050619 

+  1271 

-126 

-232 

1.0000532 

. 1 

5 

3 

15.808 

643.827  I 

.019 

643.  808 

1  640 

59500 

+  1271 

-126 

-237 

408 

1 

5 

26 

34.123 

1398.315  1 

.014 

1398.  301 

,  1390 

59717 

4-1271 

-126 

-247 

615 

i 

i  (2424) 

(1. 0060547) 

7 

35 

40.095 

7 

42 

16. 473 

396.378  1 

.022 

396.356 

394 

1.0059797 

4-1271 

-119 

-274 

1  1.0060675 

7 

52 

12.002 

595.529 

.017 

595.512 

592 

1  59324 

4-1271 

-119 

-276 

i  200 

8 

15 

6.168 

1374.166  ' 

.015 

1374. 151 

1366 

59671 

4-1271 

-119 

-278 

545 

:  (2352) 

1(1.  0060480) 

9 

5 

28.179 

9 

12 

10.591 

402.412 

.023 

402.389 

400 

L  0050725 

4-1271 

-118 

-269 

1.0060609 

9 

22 

30.259 

619. 668 

.018  i 

619.650 

616 

50253 

4-1271 

-118 

-271 

135 

9 

45 

32.484 

1382.225 

.014 

1382. 211 

1374 

59752 

+  1271 

-118 

-274 

631 

j  (2390) 

1 

(1.0060499) 

12 

2 

46.318 

t 

12 

9 

18.  675 

392.357 

.023 

392.334 

390 

1.0059846 

4-1271 

-114 

-273 

1.0060730 

12 

19 

48.451 

629.776 

.019 

629.  757 

626 

60016 

4-1271 

-114 

-275 

898 

12 

42 

28.501 

1360.050  1 

.014 

1360.036 

1352 

59438 

+  1271 

-114 

-276 

319 

1 

1 

1 

(2368) 

(1. 0060540) 
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PENDULUM  AT  KEW,  JULY,  1876— Continued. 

HEAVY  END  UP— Continued. 


Date. 

1 

Method. 

1 

Time  of  transit  | 

1 

1 

Intervals. 

1 

Cor.  for 

arc. 

1 

Corr.  time. 

1  i 

'  Number  j 
oscilla-  I 
tions.  1 

i  ! 

Time,  one 
oscillation. 

Rate. 

1  Cor.  for 
pressure. 

1 _ 

Cor.  for 
temp. 

Period, 

corrected. 

Change  of  knife-edges,  from  No.  2  to 

No.  1. 

h. 

m. 

i. 

8. 

July  7 

A 

5 

22 

10.009 

' 

B 

5 

28 

34.302 

383.293 

.022 

383.271 

381 

1.0059606 

+  1297 

-  68 

-247 

L  0060588  i 

A 

5 

39 

4.045 

629.743 

.019 

629.724 

626 

56488 

+  1297 

-  68 

-253 

464 

A 

6 

1 

21.989  1 

1337.  944 

.014 

1337.930 

1330 

59624 

+  1297 

-  68 

-264 

589  1 

(2337) 

(1.0060555) 

July  7 

D 

8 

40 

40.053 

I 

D 

8 

47 

14. 392 

394.339 

.023 

394.316 

392 

1.0059082  ' 

-fl29f 

-  64 

-304 

1. 0060011  1 

I> 

8 

57 

56.216 

641.824 

.019 

641. 805 

638 

59639 

-fl297 

-  64 

-308 

564 

D 

9 

20 

52.395 

1376. 179 

.015 

1376. 164 

1368 

59673 

4-1297 

-  64 

-314 

592  1 

(2398) 

(1.0060490)  1 

July  7 

i  » 

9 

30 

20.421  1 

1 

1 

B 

9 

37 

0.814 

400.  393 

.023 

400. 370 

398  ‘ 

L  0059548  j 

4-1297 

-  63 

-320  ! 

1.  0060462 

B 

9 

47 

32.548 

631. 734 

.019 

631.715  1 

628  , 

59156 

4-1297  ] 

-  63 

-821 

069 

B 

10 

10 

10.642 

1358.094 

.014 

1358.  080 

1350 

59852 

4-1297 

-  63 

-322 

764 

(2376) 

(1.0060530) 

July  7 

C 

12 

22 

54.115 

D 

12 

29 

22.447 

388.332 

.022 

388.310 

386  ! 

1.0059845  ; 

+1297  1 

—  56 

—323 

1.  0060763 

•  D 

12 

40 

16.361 

653. 914 

.020 

653.894 

650 

59908 

+  1297 

—  56 

-324 

825  1 

13 

2 

52.  405 

1356.044 

.014 

1356.030 

1348  , 

59570  1 

+  1297  ' 

-  56 

-325 

486 

(2384)  ! 

(1.0060623) 

July  8 

1  C 

6 

21 

29.981 

! 

D 

5 

28 

2.341 

392.  360 

.023 

392.337  1 

390  1 

1.  0059923 

4-1310 

-  47 

-265 

:  1.0060921  ! 

D 

5 

38 

48.184  1 

645.843 

.020 

645.  823 

642 

59548 

4-1310 

-  47 

-270 

541 

D 

6 

1 

4^372 

1380. 188 

.014 

1380. 174  1 

1372  , 

59577 

+  1310  , 

-  47 

-278 

562 

1 

(2404) 

1 

(1.0060615)  ! 

July  8 

B 

9 

12 

54.420 

'  1 

B 

9 

19 

14.  691 

380.271 

.022 

380.  249 

378 

1.  0059497 

+  1310 

-  57 

-270  1 

1.0060480 

1  RrJ^-ted.  ] 

B 

9 

30 

80.691  1 

676.000 

.020 

675.980 

672 

59226 

+  1310  1 

-  57  1 

-273 

206 

B 

9 

52 

20.428 

1309.  737 

.  013 

1309. 724 

1302 

59324 

+  1310 

-  57 

-276 

301 

1 

(2352)  * 

(1.  0060303) 

July  9 

D 

6 

14 

46.203 

1 

A 

6 

22 

2.823 

436.  620 

.022 

436.598 

434 

1. 0059862  1 

4-1287 

—106 

-232 

1.  0060811 

D 

6 

31 

48.308  1 

525. 485 

.018 

525.467 

582  1 

59570 

-^1287  1 

-106 

1  -238 

513 

D 

6 

54 

24.353  1 

1356. 04.5 

.015 

1356.  030 

1348 

59570 

4-1287 

-106 

-249 

502 

1 

(2364)  1 

1 

(1.0060562) 

July  » 

D 

9 

16 

14. 154 

D 

9 

22 

40.466  ^ 

386.312 

.023 

386.289 

384  i 

1.0059609 

+  1287  1 

-  98 

1  -292  ! 

1.0060506 

D 

9 

32 

56.136 

615.  670 

.018 

615.  652 

612 

59673 

+  1287  1 

-  98  1 

i  -293  1 

569  1 

D 

9 

55 

24.160 

1348.024  * 

.014 

1348.010  , 

1340 

59776 

+  1287 

-  98 

-294 

671 

(2336) 

(1.0060639) 

July  10 

B 

5 

28 

2.285 

i 

B 

5 

84 

48.716  1 

406.431 

.023 

406.408 

404  , 

1.0059604 

+  1300  , 

-114 

-216  j 

1.0060574 

B 

5 

44 

58.357 

609.  641 

.018 

609.623 

606 

59785 

+  1300 

-114  , 

-213 

758 

B 

6 

8 

22.704 

1404. 347 

.014 

1404.333 

1336 

59692 

4-1300 

-114 

-217 

661 

(2346) 

(1.0060571) 

July  10 

B 

9 

35 

56.718 

i 

D 

9 

43 

26. 400 

449.682 

.023 

449.659 

447 

1.  0059485 

+  1300 

-115 

-226 

1.0060444 

C 

9 

53 

7.879 

581.  479 

.019 

581.  460 

578  , 

59862 

+  1300 

-115 

-231 

816 

C 

10 

15 

41. 910 

1354.  031 

,014 

1354. 017 

1346 

59562 

+  1300 

-115 

-237 

510 

(2371) 

1(1.0060572) 

9,  37— —42 
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HEAVY  END  DOWN. 


Date. 

Chr. 

Method. 

Time  of  transit. 

Intervals. 

Cor.  for 

arc. 

Corr.  time. 

Number 
{  oscilla¬ 
tions. 

Time,  one 
oscillation.  ^ 

Rate. 

Cor.  for 
pressure. 

Cor.  for 
temp. 

Period, 

corrected. 

i 

h. 

m. 

9. 

9. 

June  11 

380 

D 

15 

33 

13.  345 

1 

A 

49 

3.937 

950.592 

.056 

950.536 

944i  1 

^  1.0063913 

-  57 

1  -60 

-363 

1.0063433 

B 

16 

16 

ia874 

1634.937  ^ 

1  .048 

1634.889 

16244 

^  3952 

-  67 

j  -60 

-363 

472 

1 

B 

17 

8 

24. 798 

3125. 924  ^ 

1  .031 

3125.  893 

3106 

4047 

-  57 

-60 

-363 

667 

(5675) 

1 

<L  0063518) 

June  14 

387 

A 

13 

59 

53.591 

1 

1 

D 

14 

14 

44.  815 

89L224 

.051 

89L  178 

8854 

1  1.0064069 

-288 

-63 

-377* 

1. 0063341 

B 

38 

14.865 

1410.050 

.043 

1410.  007 

1401 

4289 

-288 

1  -63 

-377 

561 

D 

15 

30 

14.824 

3119.959 

.035 

3119.924 

3100 

4273 

-288 

-63 

-377 

545 

<53864) 

( 

<1. 0063516) 

June  15 

380 

D 

15 

22 

38.  937 

1 

B  1 

35 

12.  769 

753.832 

1  .044 

753.788 

749 

1.0063923  1 

-  68 

!  -51 

-436 

1.0063368 

59 

17.029 

1444.260 

.046 

1444. 215 

1435 

4214  , 

-  68’ 

1  -51 

-436 

659 

D 

16 

45 

50. 878 

2793.849 

.027 

2793.822 

2776 

4200 

-  68 

1 

-436 

645 

1 

<4960) 

1 

<1.  0063607) 

June  16 

380 

B 

14 

28 

36.999 

1 

43 

4.  571 

867.572 

.050 

867.622 

862 

1.0064056  1 

-  68 

-32 

-472 

1.0063484 

B 

15 

10 

53.272  1 

1668.  701 

.049 

1668.651 

1658 

4240 

-  68 

1  -32 

-472 

668 

j 

D 

59 

55.059 

294L  787  i 

.029 

294L  758 

2923 

4174  , 

-  68 

,  -32 

-472 

602 

1 

1 

1  • 

i 

;  <^3) 

i  i 

i 

<1.0063604) 

June  17 

202 

B 

15 

54 

32,711 

» 

16 

10 

51.967 

979.256 

.055 

979.200 

973 

1.0063720 

+142 

-54 

-432 

L  0063376 

B 

16 

36 

40.868 

1548.  901 

.044 

1548.857 

1539 

4048 

+142 

-54 

-432 

704 

D 

17 

26 

28.880 

2988. 012 

.  .029 

2987.982 

2969 

3934 

+142 

-54 

-432 

590 

June  19 

202 

B 

14 

15 

25.293 

<5481) 

<1.  0063584) 

B 

29 

40.743 

855.450 

.050 

855.399 

850 

1. 0063525 

+240 

-39 

-456 

1. 0063270 

B 

55 

la  561 

1537. 818 

.047 

1537. 771 

1528 

3946 

+240 

-39 

-456 

691 

D 

15 

45 

54.822 

3036.261 

.038 

3036.223 

3017 

3717 

+240 

-39 

-456 

462 

June  20 

202 

D 

15 

4 

14.856 

<5395) 

<1.0063497) 

B 

20 

0.  891 

946.035 

.053 

945.981 

940 

1.  0063a31 

+240 

-59 

-416 

1.0063396 

j  June  22 

1 

202 

c  * 

14 

31 

41.  930 

1 

1 

A  1 

44 

53.972 

792.042 

.047  ' 

791.995 

787 

1.  0063471 

+336 

-46 

-386 

L  0063375 

12 

33. 042 

1659.070 

.  050 

1659. 020 

16484 

3814 

+336 

-46 

-386 

718 

C 

16 

1 

24.137 

293L095 

.029 

1  2931.066 

29124 

3745 

+336  : 

-46 

1  -386 

649 

June  29 

202 

D  1 

10 

7 

24.685  1 

1  1 

<5348) 

i 

<L  0063630) 

1 

1 

B  1 

21 

10.950  1 

826.265 

.048 

1  82a  217 

821 

1.  0063547 

+426  t 

-53 

-404 

1.0063516 

1 

A 

46 

L924 

1490.974 

.046 

1490. 927 

14814 

3636 

+426 

-53 

-404 

605 

1 

B 

11 

30 

27.294 

2665.370  1 

.030 

2665.340 

26484 

3582 

+426  1 

-53 

-404 

551 

1 

i 

1 

1 

!  <4951) 

1 

1 

<1  0063561) 

1 
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UNITED  STATES  GEODETIC  SURVEY.— PENDULUM  AT  HOBOKEN,  1877. 

HEAVY  END  HP. 


Date.  1 

1 

1  1 

Chr. 

Method. 

Time  of  transit. 

Intervals. 

Cor.  for 

arc. 

1  Corr.  time. 

Number 

oscilla¬ 

tions. 

Time,  one 
oscillation. 

Kate. 

1  2 

3 

p  s 

O  ^ 

Cor.  for 
temp. 

Period, 

corrected. 

'  1 

h. 

m. 

i. 

9. 

Jane  11  I 

202 

C 

14 

11 

3a  249 

1 

1 

D 

18 

15.367 

397.118 

.020 

397.097 

394i 

1. 0065830 

+  M 

-139 

1 

1 

1.0065479 

1 

A 

29 

24.260 

668.803 

.016 

668.877 

664i 

5872 

+  94 

-139 

-306 

a521 

A 

48 

31.  797 

1147.  537 

.010 

1147. 526 

1140 

6019 

+  w 

-139 

-306 

5668 

(2199) 

1(1.0065590) 

Jane  14 

387 

B 

16 

13 

3a  972 

C 

10 

53.044 

374.  972 

.021 

374. 951 

372* 

1.0065820 

-288 

-141 

-323 

1.0065068 

C 

30 

5.987 

612. 033 

.018 

612. 015 

608 

6038 

-288 

-141 

-323 

5286 

» 

56 

20.856 

1574.  869 

.016 

1574. 853 

1564* 

6594 

-288 

-141 

-323 

5842 

1 

(2545) 

(1.  00a5596) 

June  15 

380 

A 

14 

15 

1.  901 

A 

20 

22.026 

320. 125 

.017 

320. 108 

318 

1.0066299 

-  68 

-114 

-378 

1.0065739 

B 

30 

52.683 

630.657 

'  .018 

630.639 

626* 

6069 

-  68 

-114 

-371 

5516 

C 

53 

24.044 

1351.  361 

.013 

1351. 348 

1342* 

5909 

-  68 

-114 

-364 

5363 

(2287) 

(1.  0065457) 

June  16 

380 

B 

13 

22 

44.800 

B 

28 

45.183 

360.383 

.010 

360.374 

358 

1.  0066304 

-  68 

-  73 

-390 

1.  0065764 

1 

C 

39 

27.9:11 

642.748 

.018 

642.729 

638* 

6233 

-  68 

-  73 

-394 

5698 

D 

14 

1 

19. 039 

1351. 108 

.012 

1311.  096 

1302* 

5998 

-  68 

-  73 

-391 

5466 

1 

(2299) 

(1.  0065577) 

1 

Change  of  knife-fHlf!:e8. 

202 

B  , 

14 

47 

8.665 

^  Jane  17  j 

B 

53 

0.  975 

352.  310 

.018 

352.292 

350 

1.0065497 

-fl42 

-119 

-368 

1. 0065152 

1 

D 

15 

5 

0.698 

719.  723 

.019 

719. 703 

715 

5780  1 

-4-142 

-119 

-368 

5435 

1 

D  ' 

25 

36.797 

1236.090 

.oil 

im088 

1228 

5861 

+142 

-119 

-368 

5516 

■  (2293) 

(1.  0065435) 

June  19 

202 

“XOXO” 

16 

11 

ia343 

17 

40.855 

384.  512 

.021 

384.491 

382 

1.0065222  , 

+240 

-  97 

-386 

1.  0064979 

1 

A 

29 

19. 952 

690.007 

.019 

699.078 

694* 

5027 

+240 

-  97 

-386 

5684 

1 

1  D  1 

48 

43.042 

1163.000 

.010 

1163.079 

1155* 

5591 

+240 

-  97 

-386 

5348 

1 

(2232) 

1 

1 

(1.  0065380) 

Jane  20 

202 

A 

14 

7 

40.020 

1 

1  1 

A  1 

17 

48.012 

607.992 

.017 

607.975 

604 

1.0065815 

+240 

-136 

-345 

1. 0065574 

B 

38 

3a  656 

1248.644 

.011 

124a  633 

1240^ 

5564 

+240 

-136 

-345 

5323 

(1844*) 

1 

1 

June  22 

202 

D 

16 

22 

5a  721 

'  1 

^  1 

27 

32.028 

273.307 

.012 

273. 295 

271* 

1.0066110 

+336 

-112 

-321 

1.0066013 

C 

37 

27.926 

.505.  898 

.015 

595.883 

592 

5586 

+336 

-112 

-321 

5489 

B  ' 

57 

35.297 

1207. 371 

.011 

1207.360 

1199* 

5531 

+336 

-112 

-321 

5434 

1 

(2063) 

(1.  0065512) 

1  Jane  29  , 

202 

A 

0 

6 

0.137 

i 

1 

B 

10 

5a584 

29a  447 

.016 

29a  431 

296* 

1.0065133 

+426 

-121  j 

-335 

1.  0065103 

B 

21 

44.824  ' 

64a  240 

.019 

64a  220 

642 

5734  , 

+426 

-121  j 

-335 

5704 

,  ! 

D  ' 

40 

39.187  ^ 

1134.  363 

.012 

1134.351 

1127 

5231 

+426 

-121  ' 

-335 

5201 

1 

] 

1 

(2065*) 

1 

1 

(1.  0065343) 
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EEPORT  OF  THE  SUPERIOTENDENT  OF 


UNITED  STATES  GEODETIC  SURVEY.— PENDULUM  AT  HOBOKEN,  1877.— SWINGS  AT  LOW  PRESSURES. 

HEAVY  END  DOWN. 

[All  temperatures  in  low-pressure  and  hi/i^h-temperature  experiments  are  to  be  corrected  by  C.] 


Date. 

Pressure. 

1 

Temper-  '  "g 
ature.  5 

US 

Time  of  transit 

Toiervals. 

Cor.  for 

arc. 

Corr.  time. 

Number 

oscilla¬ 

tions. 

Time,  one 
oscillation. 

Rate. 

Period, 

coiT»*cted. 

'  In. 

o 

h. 

m. 

i. 

t. 

Sept  25 

30.25 

67.6  A 

10 

48 

26.194 

A 

11 

7 

45.  625 

1159.431 

.044 

1159.  387 

1152 

1.  0064123 

+  13 

L  0064136 

A 

11 

27 

25.156 

1179.531 

.022 

1179.509 

1172 

4258 

+  13 

271 

A 

11 

57 

54.  835 

1829.679 

.014 

1829.665 

1818 

4164 

+  13 

177 

, 

(4142) 

(L  0064173) 

Sept.  26 

15. 19 

66.1  A 

10 

48 

22.909 

A 

11 

44 

26.903 

963.994 

.042 

963.952 

958 

1.  0062129 

+  13 

1. 0062142 

A 

11 

41 

32. 780 

2225.  m 

.053 

2225.824 

2212 

2495 

+  13 

508 

A 

12 

23 

24.403 

251L623 

.019 

2511.604 

2496 

2516 

+  13 

529 

(5666) 

(1.0062457) 

Sept.  27 

30.25 

68.5  A 

8 

50 

47.  365 

.  1 

!  A 

9 

1 

15.  420 

62a  055 

.032 

628.023 

624 

1.  0064471 

+  13 

1.0064484 

i  ^ 

9 

19 

34.448 

1009.028 

.0.30 

109a  998 

1092 

4084 

-h  13 

097 

1  A 

9 

58 

14.  881 

2320.433 

.026 

.  2260.407 

2246 

4145 

+  13 

158 

(3962) 

(1.0064194) 

Sept.  29 

0.50 

68.3  !  D 

10 

7 

12.887 

B 

10 

38 

21.285 

186a  398 

.146 

186a  252 

1857 

1.0060592 

-1-128 

1.  0060720 

!  A 

11 

8 

15.753 

1794. 468 

.127 

1794.  341 

1783J 

0785 

-fl28 

0913 

B 

11 

37 

59.106 

1783.  353 

.112 

1783.  241 

1772* 

0598 

4-128 

or26 

1 

B 

12 

5 

17. 109 

1638.  003 

.098 

1637.  905 

1628 

0842 

4-128 

0970 

1  D 

12 

35 

59. 323 

1842, 214 

.091 

1842. 123 

1831 

0748 

+  128 

0876 

D 

13 

7 

48.930 

1909.607 

.085 

1909.  522 

1898 

0705 

+  128 

0833 

1 

1  ® 

13 

42 

28.560 

2079. 630 

.082 

2079.  548 

2067 

0706 

-H28 

oa34 

14 

12 

50.654 

1822.094 

.061 

1822.  WJ3 

1811 

0922 

+  328 

1050 

• 

D 

14 

57 

16.  812 

2666.1.58 

1  .076 

2666.  082 

1  2650 

0687 

-+128 

0^15 

1  D 

15 

24 

6.555 

1609.  745 

.040 

!  1609. 705 

1  1600 

0656 

*  -+128 

0784 

1 

B  1 

15 

55 

2,794 

1856.237 

1  .042 

1  185a 195 

'  1845 

0677 

-+128 

0805 

D 

16 

25 

57.  012 

1854. 218 

.037 

1854. 181  . 

1  1843 

0677 

+128 

0805 

: 

‘  D  1 

17 

9 

32.  831 

2615. 819 

.042 

'  2615.777 

2600 

0681 

+  128 

0809 

17 

29 

4.907  [ 

1172.076 

.017 

t  1172. 059  ' 

iia5 

0592 

^  +128 

0720 

i 

1  ® 

18 

26 

24.687  1 

3439.780 

i  .044 

.3439.736 

3419 

0649 

+  128 

I  0777 

1 

i  ® 

18 

57 

57.142 

1892.455 

.020 

1892. 435 

1881  ' 

0792 

*  +128 

0920 

! 

19 

34 

33. 931  1 

219a  789 

.020 

1  2196. 769 

2183*  1 

0767 

1  +128 

1  0895 

1 

i 

1  ! 

1 

(33834*) 

j(  1.0060879) 

Oct  1 

4.99 

1  ^ 

68.3  A  1 

8 

18 

49. 961  1 

, 

1  ® 

8 

49 

3a  866 

184a  905 

.121 

1848.784 

1837* 

1.0061410 

1  ® 

^  1.0061419 

■  B 

10 

19 

42.950 

5404.084 

.166 

1  5403.918 

'  5,371 

1288 

+  9 

297 

*  B 

10 

51 

26.588  ' 

1903.638 

.028 

1903.  610 

1892 

1364 

i  +  » 

373 

1  1  ®  ' 

11 

23 

1.196  , 

1894. 611* 

.021 

1894.  590 

1883 

1535 

1  ® 

.544 

12 

11 

51.086 

2929.  890 

i  .012 

[  2929.878 

2912 

1394 

+  9 

403 

1  1  B  1 

12 

31 

21.201 

1170. 115 

'  .009 

1170. 106 

1163 

1101 

llOr^ 

1  ■  1  ' 

• 

1 

'  1 

(13895*) 

1(3.0061379) 

Oct  1 

L50 

1  !  ; 

68.0  I  B 

12 

48 

29.189 

1 

1 

1 

'  B  1 

13 

24 

56.944 

2247. 755 

.161 

2247.  594 

2234 

'  L  0060850 

i  +  9 

1  1.0060859 

'  B  j 

13 

53 

7.292 

1680.  348 

.100 

1680. 248 

1670 

1365 

i  ® 

1.374 

: 

:  D  ' 

'  14 

28 

10.769 

2103. 477 

.096 

204a  381 

2050 

0760 

+  9 

0769 

1  D  1 

15 

1 

39.367 

2068.598 

.074 

206a  524 

2056 

0914 

+  9 

0923 

D  1 

15 

33 

22.956 

190a589 

.055 

'  100a534 

1892 

0962 

+  9 

0971 

1 

D 

16 

1 

31.528 

174a  572 

.040 

174a  532 

1738 

0596 

+  9 

0605 

1 

B 

16 

41 

46.912 

2355.384 

.045 

2355.339 

2341 

1252 

+  9 

1  1261 

1 

1  j  D  1 

17 

6 

24.907  ' 

1477. 995 

!  .020  , 

1  1477. 975  j 

1469  1 

1095 

!  +  ® 

1104 

,  1  B  , 

18 

16 

19.857 

4194.450  j 

.046  1 

4194. 404  ' 

4169 

0935 

i  +  9 

0944 

'  A  1 

18 

41 

44.122  1 

1  1524. 765 

.012 

1  1524. 753 

1515*  1 

0990 

+  9 

0999 

1  1 

1  1  1 

1 

1 

1 

i  I 

i  : 

(21115*)j 

i 

! _ ! 

a  0060999) 

1 _ _ 
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PENDULUM  AT  HOBOKEN,  1877.— SWINGS  AT  LOW  PRESSURES— Continued. 


HEAVY  END  DOWN— Continued. 


Date. 

1 

PresBUT©. 

Temper¬ 

ature. 

Method. 

Time  of  transit 

Intervals. 

Cor.  for 

arc. 

Corr.  time. 

Number 

oscilla¬ 

tions. 

Time,  one 
oscillation. 

Bate. 

Period, 

corrected. 

In. 

o 

h. 

m. 

i. 

#. 

Oct  3 

0.  25 

68.5 

D 

9 

7 

46.910 

D 

» 

37 

20. 754 

1773. 844 

.148 

177^696 

1763 

1.0060669 

-f  9 

1.0060678  ' 

C 

10 

14 

43.954 

2243.200 

.168 

2243.032 

2229^ 

0695 

+  9 

704 

D 

10 

39 

46.646 

1502.692 

.104 

1502.588 

14934 

0850 

+  9 

859 

B 

11 

7 

16.  707 

1650.  061 

.107 

1649.954 

1640 

0695 

+  9 

704 

D 

11 

37 

3&784 

1820. 077 

.118 

1819. 959 

1809 

0580 

+  9 

589 

D 

12 

6 

6.  210 

1708  426 

.098 

1708.328 

1698 

0825 

+  9 

834 

B 

12 

41 

6.999 

2101.  789 

.105 

2101.  684 

2089 

0718 

+  9 

727 

B 

13 

13 

34.839 

1947.840 

.089 

1947. 751 

1936 

0697 

f  9 

706  i 

D 

w 

38 

10.828 

1475. 989 

.066 

1475.  923 

1467 

0825 

+  9 

834 

B 

14 

8 

4.704 

1793.  878 

.071 

1793.  808 

1783 

0617 

+  9 

626 

B 

36 

45.175 

1720.  471 

.065 

1720.406 

1710 

0854 

+  9 

863  ' 

D 

15 

11 

42.930 

2097.  755 

.069 

2097.686 

2085 

0844 

+  9 

853 

D 

16 

39 

47. 164 

1084.234 

.052 

1684. 182 

1674 

0824 

+  9 

833 

- 

B 

16 

3 

44.  881 

1437.  717 

.041 

1437.  676 

1429 

0714 

+  9 

723 

D 

16 

33 

16.  614 

mL733 

.048 

1771.685 

1761 

0676 

+  9 

6^ 

D 

17 

6 

8.567 

1971.953 

.047 

1971.906 

1960 

0745 

+  9 

754 

D 

17 

34 

10.790 

1682.223 

.037 

1682. 190 

1672 

0913 

+  9 

922 

B 

18 

10 

26.929 

2176. 139 

.044 

217a  095 

2163 

0542 

+  9 

551 

B 

18 

49 

43.208 

2356.279 

.042 

235a  237 

2342 

0790 

+  9 

709 

(34704) 

(1.0060746) 

1 

Oct.  5 

14.98 

64.4 

D 

9 

0 

1. 140 

'  1 

' 

B 

9 

17 

52.833 

1071.693  ' 

.063 

1071.630 

1066  1 

1  1.0062253 

+129 

1  1.0062382  I 

B 

9 

54 

48.623 

2215.790 

.068 

22ia722 

2202 

I  2316 

+129 

445 

I> 

t  11 

2 

54.925 

4086.302  : 

.038 

408a  264  1 

4061 

2211 

+129 

1  340  1 

! 

! 

1  (7328) 

1 

'  (1.0062378)  ^ 

Oct.  5 

14.98 

64.3 

A 

11 

13 

7.823 

1 

D 

11 

32 

5a  754 

1190.  931 

.067 

1190.864 

1133i 

1.0062223 

4-129  1 

1.0062352  1 

D 

12 

7 

46.697 

2087.943 

.061 

2087.882 

2075  I 

2082 

-fl29 

211 

B 

13 

18 

12.864 

4226.167 

.038 

422a 129 

4200  ' 

2212  1 

+129  1 

341  1 

(74584) 

(1.0062306)  ^ 

Oct  5 

30.16 

64.7 

A 

13 

30 

39.866 

1 

1 

B 

13 

42 

22.876 

703.  010 

.037 

702.  973 

6984 

1.0064037 

.fl29  i 

1.0064166  ' 

B 

14 

2 

26.846 

1203.  670 

.034 

1203.636 

1196  1 

3846  ! 

+  129 

3975 

A 

14 

497 

17.896 

2811.350 

.027 

2811.824 

27934 

3805 

+129 

3934 

(4688)  , 

(L  0063979) 

Oct  5 

30.16 

64.5 

D 

1  14 

58 

45.016 

i 

1 

1 

' 

B 

15 

10 

.56.685 

731.669 

.039  : 

731.630 

727 

1.0063686  ! 

+  129 

1. 0063815 

D 

15 

30 

7.029 

1150.344 

.032 

1150.812  1 

1143 

3972 

+129  ' 

4101 

B 

15 

16 

15.206 

t  270ai77 

.027 

270ai50 

2691  1 

3731  1 

+129 

3860 

(4561) 

. 1 

(1.0063913) 
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BBPORT  OF  THE  8TJPERINTBNDENT  OF 


PENDULUM  AT  HOBOKEN,  1877.— SWINGS  AT  LOW  PBE8SUBES— Continued. 

HEAVY  END  UP. 


Date. 

Pressure. 

Temper¬ 

ature. 

Method. 

Time  of  transit. 

Intervals. 

Cor.  for 

arc. 

Corr.  time. 

Number 

oscilla¬ 

tions. 

Time,  one 
oscillation. 

Rate. 

Period, 

corrected. 

1877. 

In. 

o 

h. 

m. 

«. 

s. 

Nov.  30 

0.39 

A 

13 

50 

25.592 

51.6 

A 

14 

45 

4.562 

327a  970 

.240 

327a  730 

3260 

1.  0057454 

+367 

1. 0057821 

51.3 

A 

15 

n 

la  464 

2411.902 

.111 

2411. 791 

2398 

67510 

+367 

877 

51.0 

A 

16 

17 

a  318 

3109.854 

.095 

3109. 759 

8092 

57436 

+367 

802 

60.6 

A 

17 

15 

la  274 

3189. 956 

.064 

3489.892 

3470 

57826 

+367 

693 

50.5 

17 

38 

42.309 

1406.035 

.017 

140a  018 

1398 

57353 

+367 

720 

(13618) 

(1.  0057784) 

Dec.  4 

7.47 

48.0 

D 

11 

10 

8.716 

B 

11 

18 

3a  728 

510. 012 

.032 

509.980 

507 

1.0058777 

+369 

1. 0059146 

D 

12 

29 

a  732 

4230.004 

.081 

4229.923 

4205 

59270 

+369 

9639 

B 

12 

31 

40.604 

151.872 

.000 

151.872 

151 

67748 

+369 

8117 

(4863) 

a- 0059540) 

Dec.  8 

0.35 

4a7 

B 

10 

46 

34. 876 

B 

11 

30 

42.130 

2647.254 

.195 

2647.069 

2632 

1.0057258 

+353 

1.  0^  57606 

B 

12 

30 

42. 790 

3600.660 

.156 

3600.504 

3580 

57274 

+353 

627 

B 

13 

34 

50.774 

3847.984 

.091 

3847.893 

3826 

57221 

+353 

574 

B 

14 

31 

44.266 

3413.482 

.044 

3413.438 

3394 

57272 

+353 

625 

B 

15 

27 

37.353 

3353.097 

.026 

3353. 071 

3334 

67202 

+353 

555 

(16766) 

(1. 0057597) 

Dec.  8 

0.42 

48.8 

D 

15 

33 

29.256 

. 

B 

16 

33 

2.802 

3673.546 

.194 

357a  352 

3553 

1.0057281 

-f363 

1.  0057634 

B 

17 

43 

40.999 

4238. 197 

.122 

423a  075 

4214 

57131 

+353 

484 

B 

19 

10 

34.758 

52ia  759 

.070 

5213. 689 

5184 

57270 

+353 

623 

B 

19 

45 

48.809 

2114. 051 

.015 

2114.  036 

2102 

57260 

+353 

613 

1 

I 

D 

20 

34 

54.576 

2945.767 

.014 

2945. 753 

2929 

57197 

+353 

550 

i 

1 

! 

(17982) 

i  1 

(1.0057579) 

Dec.  10  ' 

0.67  1 

49.4  1 

B 

12 

5 

30.825 

1 

i 

1 

D 

12 

44 

2L293 

2330.468 

.170 

1  2330. 298 

2317 

1.0057389  1 

+389 

L  0067778 

! 

13 

27 

ia098 

2574.805  1 

1  .117 

;  2574. 688 

2560 

57375 

1  +389  1 

764 

1 

D 

14 

51 

33.072 

505a  974 

.  112 

1  505a  862 

1  5028 

57408 

+389  j 

1  732 

1 

1 

B 

15 

28 

30. 747 

2217. 675 

.023 

2217.652 

1  2205 

57379 

+38S 

‘  768 

I  1 

j 

1 

1 

(12110) 

1  (L  0057778) 

1  Dec.  10 

0. 72 

4a  8  ; 

B  ' 

15 

31 

29.314 

1 

1 

1  : 

j  1 

1  16 

34 

47,093 

3797.779 

.166 

3797. 618 

3776 

1.0057238 

1  +389 

1.0057627  1 

^  1 

1  B 

17 

43 

24.675 

4117. 582 

.082 

4117.600 

4094 

57401 

+389 

790 

1 

1 

B 

1 

1 

41.431 

4696.756 

.040 

1  469a  716 

4670 

57208 

+389 

597  1 

1 

1 

! 

(12540) 

1 

(1.0057660) 

Dec.  12  1 

29.87  1 

60.8 

D 

13 

3 

14.877  i 

1 

i 

1 

t 

!  1 

1  “ 

13 

38 

42.675 

2127. 798  i 

.024 

2127. 774 

2114 

1.0065156 

1 

+283  j 

j  1.0065439  1 

1  Dec.  12  j 

29.95 

82.1 

1  ^ 

15 

39 

35.317 

;  .  1 

1 

1 

1  J 

1  1 

1 

‘  B 

1 

17 

00 

12.625 

I  4837.308 

.039 

4837.269 

4806 

L0065062 

1 

+283 

1.0065349 

1  Dec.  12  1 

29. 03 

5L1 

i 

1  ®  i 

17 

24 

27.023  ’ 

1 

i 

1  1 

j  B 

18 

15 

4a956 

1  3079. 933 

.031 

3079.902 

3060 

1.0065039 

+283 

1.0065322 

1  Dec.  14 

30.24 

4a6 

!  ® 

18 

15 

36.941 

i 

1 

i 

B 

18 

52 

L056 

2184.114 

.026 

2184.088 

2170 

1.0064922 

+329 

1.0065247 

1  Deo.  16 

27.20 

50.2 

I  D 

7 

24 

47.072 

1 

1 

D 

8 

1 

47. 321 

2220.249  1 

.038 

2220.211 

2206 

L  0064419 

-f356 

L  0064775 

27.26 

so.  2 

D 

8 

10 

5a  858  j 

j  Deo.  16 

B 

8 

44 

a677 

1987.719 

036 

1987.683 

1975 

L  0064218 

+866 

L0064574 

Digitized  by  i^ooQle 


Date. 

1877. 
Dec.  16 

Dec.  16 

Dec.  16 

Dec.  17 

Dec.  17 

Dec.  19 

Dec,  19 

Dec.  22 

I 

I 

1 

i  D«.  22 

I 

Dec.  23 

I 

I 

Dee.  23 

I 

i 

Dec.  23 

Dec  23 
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PENDULUM  AT  HOBOKEN,  li?37.— SWINGS  AT  LOW  PRESSURES— Continued. 

HEAVY  END  T7P — Contiiiued. 


Preasure. 

Temper¬ 

ature. 

Method. 

Time  of  transit. 

Intervals. 

Cor.  for 

arc. 

CoTT.  time. 

Humber 

oscilla¬ 

tions. 

Time,  one 
oscillation. 

Bate. 

Period, 

corrected. 

In. 

o 

A. 

m. 

«. 

t. 

29.15 

5a2 

B 

9 

06 

5&915 

D 

9 

40 

891025 

2022.  UO 

.033 

2022. 077 

2009 

1.0065092 

+356 

L0065448 

29.05 

50.5 

D 

9 

51 

20.849 

D 

10 

22 

28.955 

1866  106 

.030 

1866  076 

1856 

L0065065 

+356 

1. 0065421 

22.45 

50.9 

B 

11 

21 

86.680 

B 

11 

50 

43.101 

2286  421 

.036 

2286  385 

2272 

1.00^402 

+356 

L  0063670 

15.02 

50.4 

B 

12 

22 

82.587 

D 

13 

20 

16.792 

8464.205 

.063 

3464.142 

3448 

1.0061406 

+376 

1. 0061782 

7.45 

60.5 

D 

16 

1 

52.821 

D 

17 

26 

51.046 

5096  225 

.093 

5096132 

5068 

1.0059455 

+376 

1. 0059831 

0.64 

* 

50.1 

D 

12 

38 

2.610 

B 

13 

80 

30.870 

8686  260 

.216 

8688.044 

3667 

1.0057388 

+335 

L  0057723 

B 

14 

42 

54.668 

3808.898 

.104 

3806  694 

3782 

-  57361 

+335 

aM 

D 

15 

44 

36.884 

8702.216 

.048 

8702. 168 

3081 

57506 

+335 

841 

(11130) 

(1.  0057752) 

1.00 

50.0 

B 

15 

51 

9.164 

B 

16 

63 

14.595 

8725.431 

.162 

8725.269 

3704 

1. 0057421 

+335 

1. 0057756 

D 

17 

56 

43.088 

3746  493 

.072 

3746  421 

3727 

57475 

+335 

810 

B 

18 

56 

0. 814 

3617.726 

.032 

3617.094 

8597 

57531 

+335 

866 

(11028) 

(L  0057813) 

0.38 

49.7  ! 

B 

11 

44 

24.745 

. 

B 

12 

7 

34  722 

1389.977 

.088 

1  1389. 889  , 

1382 

1.  0057084 

+406 

1  1.0057490 

B 

14 

8 

40.572 

6965.847  1 

.248 

0965.599 

6926 

57174 

+406  ^ 

580 

B 

15 

2 

54.889 

3554.820  i 

1  .053 

i  3554.267 

3584 

57849 

i  +406  1 

1  755 

P  1 

17 

7 

5&626 

750L  737 

1 

7501. 686  ' 

7459 

57227 

1  +406 

633 

B 

17 

84 

40.764 

1604.136 

.005 

1604. 131 

1595 

57249 

I  +406 

i  ^ 

1 

1 

1  1 

(20896) 

(L  0057628) 

0.81 

<  49.5  1 

DD 

18 

80 

26843 

i 

1 

t  i 

i 

DD 

i 

2 

12.749  , 

1906  906 

.041 

1  1903. 865 

1893 

1.0057390 

+406 

1. 0057796 

DB 

19 

46 

50.573 

1  2677.823 

.086 

*  2677. 787 

2662* 

57416 

+406  1 

822 

1 

i 

i 

(4555*) 

(1. 0057813) 

0.46 

49. 0  1 

DB 

4 

22 

53.989  1 

1 

1 

D 

4 

48 

42.354 

1546  365 

.047 

1546  318 

1539* 

1. 0057278 

•+406 

L  0057684 

DD 

5 

19 

6774 

1826.420  1 

.043 

1  1 

1826  377 

1816 

57142 

+406 

548 

1  1 

1  1 

1 

(3355*) 

(1.0057611) 

0.82 

49.0 

D 

6 

40 

36060  1 

i  1 

1 

B 

7 

13 

46405 

1086  445 

.135 

1986  310 

1975 

1.0057266 

+406 

1.0057672 

D  ' 

8 

19 

86117  1 

1  8955. 712 

.145 

1  3955.567 

3933 

57379 

+406 

!  785 

1 

D 

9 

47 

1.082 

5241.965 

.076 

1  5241. 889 

5212 

57847 

+406 

753 

D 

14 

16 

86190 

1774.116 

.  012  i 

i  1774. 104 

1764 

57279 

+406 

685 

' 

■ 

1 

1 

(12884) 

1 

(1.  0057741) 

30.55 

40.6 

D 

10 

87 

56  017 

1 

! 

B 

11 

10 

22.653 

1947.636 

.037 

1947. 599 

1935 

1. 0065111 

+406 

1.0065517 

1  30.55 

)  4a9 

I  D 

11 

14 

36834 

1 

1  ' 

B 

11 

48 

2.889 

2006  055 

.048 

2006  012 

1993 

L  0065289 

+406  1 

1.0065695 
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UNITED  STATES  GEODETIC  SURVEY.— PENDULUM  AT  HOBOKEN.— SWINGS  AT  HIGH  TEMPERATURE. 

HEAVY  END  UP. 


Date. 

Pressure. 

Temp. 

F. 

Method. 

Time  of  transit. 

Intervals. 

Cor. 
for  arc. 

Corr.  time. 

Number 

oscilla¬ 

tions. 

Time,  one 
oscillation. 

Rate. 

Cor.  for 
pressure.  1 

Cor.  for 
temp, 
to  350  c. 

Period, 

corrected. 

1  1878. 

In. 

o 

h. 

m. 

9. 

t. 

Apr.  24 

1.24 

D 

11 

52 

17.358 

92.5 

B 

12 

5 

25.088 

787. 730 

.042 

787.  688 

783 

1. 0059872 

+  8 

. 

+100 

1.0059980 

92.6 

D 

12 

18 

20.755 

775.667 

.035 

775.  632 

771 

60078 

+  8 

+  91 

60177 

92.0 

D 

12 

30 

31. 137 

730.382 

.028 

730.  354 

726 

6d972 

+  8 

+128 

60108 

(2280) 

(1.  C060088) 

Apr.  26 

2.25 

B 

11 

3 

13.343 

99.3 

B 

11 

24 

0.896 

1247.553 

.038 

1247.  515 

1240 

L  0060605 

+  8 

-244 

L  0060369 

1 

100.8 

D 

11 

53 

54.768 

179a  872 

.034 

179a  838 

1783 

60785 

+  8 

. 

-316 

60477 

101.5 

B 

12 

24 

6.767 

181L999 

.022 

1811.  977 

1801 

60949 

+  8 

-352 

60605 

(4824) 

(1.  0060497) 

Apr.  24 

29.888 

. 

B 

10 

8 

11.240 

1 

89.9 

D 

10 

19 

46.835 

605.505 

.030 

695.565 

691 

1.0066064 

+  8 

-59 

+  178 

L  0066101 

90.5 

B 

12 

32 

16.830 

749.995 

.012 

749.983 

745 

66886 

+  8 

-59 

+  157 

66992 

91.0 

D 

10 

50 

a937 

107a  107 

.006 

107a  101 

1065 

66696 

+  8 

-59 

+135 

66780 

(2501) 

(1. 0066670) 

Apr.  26 

29.886 

D 

8 

49 

46.929 

96.5 

B 

8 

57 

4.888 

437.959 

.020 

437.939 

435 

L  0067563 

-f  8 

-60 

-  78 

L  0067459 

97.0 

D 

9 

5 

31.263 

50a375 

.011 

50a314 

503 

66885 

+  8 

-60 

-100 

66733 

97.8 

D 

9 

25 

41.330 

1210. 067 

.010 

1210.  057 

1202 

67030 

-h  8 

-60 

-135 

66843 

(2140) 

(1.  0066936) 

Apr.  26 

29.890 

D 

9 

28 

27.344 

97.8 

D 

9 

33 

9.253 

281.909 

.018 

281.  891 

280 

1. 0067536 

+  8 

-60 

-135 

L  0067349 

97.9 

D 

9 

42 

12.885 

543.632 

.016 

54a  616 

540 

66963 

H-  8 

-60 

-135 

66776 

98.6 

B 

10 

5 

51.382 

14ia  497 

.015 

14ia482 

1409 

67296 

+  8 

-60 

-164 

67080 

(2229) 

(1. 0067039) 

,  Apr.  30 

30.000 

D 

9 

4 

50.956 

102.8 

B 

9 

12 

L115 

421.859 

.019 

421.840 

419 

1. 0067780 

-  9 

-85 

-328 

1.0067358 

102.8 

B 

9 

21 

49.060 

587.945 

.014 

587. 931 

584 

67312 

-  9 

-85 

-328 

66890 

1 

102.7 

D 

9 

44 

53.336 

1384. 276 

.010 

1384.266 

1375 

67389 

-  9 

-85 

-328 

66967 

(2378) 

(1.  0067017) 

Apr.  30 

30.007 

1 

B 

9 

47 

45.072 

1  ' 

! 

1  -328 

102.7 

D 

9 

55 

33.220 

468.448  1 

!  .027 

468.121 

465 

1.00(r7263 

1  -  » 

-87 

1.0066839  1 

102.5 

D 

10 

5 

27.224 

504.004  . 

.016 

59a  988 

590 

!  67593 

-  9 

-87 

1  -320 

67177  1 

102.3  i 

B 

10 

26 

40.780 

1273.556  ! 

!  .011 

1273.545 

1  1265 

67549 

-  9 

-87 

1  -313 

67140 

(2320) 

(1. 0067060) 

May  2 

29.897 

B  ! 

11 

05 

33.347 

1 

1  1 

95.2  1 

'  D  i 

11 

13 

58.729 

505.382  1 

.025  1 

505.  3.57 

1  502 

1.  0066873 

1 

-61 

-  28 

1.  0066739 

1 

95.4 

D  ' 

11 

28 

44.682  1 

885.953  1 

.016  , 

885.937 

880 

67466 

1  -61 

-  86 

67334 

1 

95.6 

B 

11 

46 

26.759 

1062.077 

.006  ; 

1062.071 

1055 

1  67024 

'  -45 

-61 

-  43 

66875 

(2437) 

1 

(1.0067007) 

May  2 

29.892  ' 

D  , 

11 

49 

35.047 

1 

1 

i 

98.0 

D 

11 

55 

31. 417 

35a 370  1 

.019 

356.351 

354 

j  1.0066412 

-45 

-60 

-  64 

1.0066243 

96.3 

D 

12 

03 

26.619 

475. 202  j 

.013 

475.189 

472 

67563 

-45 

-60 

-71 

67387 

96.7 

D 

12 

22 

53.429  1 

116a  810 

.012  ' 

116a  798 

1159 

67282 

1  -45, 

-60 

-  « 

67092 

i 

I 

(1985) 

1 

1 

(1.0067011) 

May  10 

29.899 

®  1 

10 

11 

ia725 

I 

1 

1 

9L1 

D 

10 

17 

37.254 

37a  529 

.017 

378.512 

376 

1  1.0066809 

1  +28 

-62 

+135 

1. 0066910 

1 

'  1 

91.5  1 

D  1 

10 

27 

1L098 

573.844  ' 

.013  i 

573.  831 

570 

67211 

+28 

-62 

+114 

67291 

1  1 

92.3  ; 

D  ' 

10 

51 

59.023 

1487.925  i 

.011  i 

1487. 914 

1478 

67077 

,  +28 

-62 

+  85 

67128 

;  1 

! 

i 

i 

(2424) 

j 

(1.0067132) 

'  May  10 

29.892 

B 

10 

55 

3a  701  1 

92.5 

1  D 

11 

3 

12.735 

454.034  { 

1  .022  i 

454.012  1 

1  451 

1.  0066785 

'  +28 

-60  ' 

+  78 

1. 0066B31 

« 

92.5 

D  t 

11 

13 

22.820  ^ 

610.085 

.014 

610.071  1 

606 

1 

67178 

,  +28 

-60 

+  T8 

67224 

92.8 

D 

11 

33 

30.913 

1208.093 

.010 

120a083 

1  1200 

i  67358 

+28 

-60  1 

+  64 

67390 

1 

i 

1 

'  (2257) 

1 

I 

(1. 0067734) 

1  May  11 

1  29.968 

'  B 

1  ® 

42 

29.411 

i 

1 

93.7 

1  D 

9 

48 

5a  995 

387.584  j 

1  .016 

387.568 

j  385 

^  1.0066701 

1  +28 

-78  1 

+  28 

L  0066679 

1 

94.0 

1  B 

1  9 

58 

2a845 

631.850 

.012 

571.838 

1  568 

1  67570 

.  +28 

-78  ! 

+  21 

67541 

94.4 

1 

21 

35.105 

138a  260 

1  .010 

138a 250 

1377 

.  67175 

1  +28 

-78 

• 

67125 

1 

I 

(2330) 

1 

(1.0067153) 

1  ^  ■ 

10 

25 

ia895 

1 

29. 980  > 

94.4 

B 

1  10 

32 

4a  935 

45a  040 

.024 

45a  016 

1  449 

1  1.0067171 

1  +28 

-81  ' 

0 

1.0067118 

1 

1 

94.3 

B 

42 

4a  894 

501.959 

1  .012 

58L947 

588 

!  67126 

+29 

|-81| 

+  7 

67080 

1 

94.0 

u 

10 

4a  181 

168a287 

.012  1 

168a  575 

1677 

1  67233 

1 

1  +28 

'  -81  ’ 

+  21 

67201 

1 

1 

i 

1  ^ 

1  i 

(2714) 

1 

I 

t 

1 

1 

(1. 0067161) 
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PENDULUM  AT  HOBOKEN.— SWINGS  AT  HIGH  TEMPERATURE— Continued. 

HEAVY  END  DOWN. 


Date. 

Prcsmire. 

Temp. 

F. 

Method. 

Time  of  tranalt. 

Intervals. 

Cor. 
for  arc. 

Corr.  time. 

Xumber 

oscilla¬ 

tions. 

Time,  one 
oscillation. 

Bate. 

Cor.  for 
pressure. 

Cor.  for 
temp,  to 
35°  C. 

Period, 

corrected. 

1878. 

In. 

o 

A. 

m. 

9. 

9. 

Hay  4 

20.794 

* 

D 

9 

19 

15.340 

96.0 

B 

9 

31 

37. 201 

741.  861 

.041 

741. 820 

737 

1.0065400 

-45 

-16 

-  75 

1.0065264 

06.8 

D 

9 

54 

29. 156 

1371. 955 

.039 

1871. 916 

1363 

65414 

-45 

-16 

-108 

65245 

97.3 

D 

10 

59 

34.  625 

3905.469 

.031 

3905. 438 

3880 

65563 

-45 

-16 

-133 

65369 

May  5 

29.868 

B 

9 

13 

26.830 

(5980) 

(1.0065327) 

94.0 

D 

9 

26 

12.843 

766. 013 

.038 

765.975 

761 

1. 0065375 

-45 

-24 

+  25 

L  0065329 

94.2 

B 

9 

49 

22.897 

1390.054 

.036 

1390. 018 

1381 

65301 

-45 

-24 

8 

65240 

94.8 

D 

10 

54 

U.255 

3888.358 

.028 

3888.330 

3863 

65571 

-45 

-24 

-  17 

65485 

May  6 

30,027 

D 

11 

05 

53.  067 

(6005) 

(1. 0065409) 

96.1 

D 

11 

15 

40.900 

587.833 

,026 

587.807 

584 

1. 0065188 

+54 

-40 

-  33 

L  0065169 

96.1 

B 

11 

33 

32.896 

107L096 

.028 

107L968 

1065 

65427 

+54 

-40 

-  33 

65408 

96.1 

B 

12 

80 

31. 132 

3418. 236 

.030 

3418. 206 

3396 

65389 

+&4 

-40 

-  33 

65370 

May  8 

29.843 

B 

9 

57 

19.379 

(5045) 

(L  0065356) 

96.5 

D 

10 

9 

85.213 

735.834 

.042 

735.792 

731 

1.0065554 

-59 

-21 

-  91 

1.0065383 

96.1 

D 

10 

30 

23.375 

1248.162 

.036 

1248. 126 

1240 

65533 

-59 

-21 

-  75 

65378 

94.0 

B 

11 

23 

35.137 

319L762 

.034 

319L  728 

3171 

65367 

-59 

-21 

+  25 

66312 

(5142) 

(L  0065338) 

Note. — ^For  addendum  to  this  appendix  see  end  of  volume. 
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APPENDIX  No.  16. 

[Reprinted  from  the  United  States  Coast  Survey  Report  for  1871.] 

COMPARISON  OF  THE  METHODS  OF  DETERMINING  HEIGHTS  BY  MEANS  OF  LEVELING,  VERTICAL 
ANGLES  AND  BAROMETRIC  MEASURES,  FROM  OBSERVATIONS  AT  BODEGA  HEAD  AND  ROSS 
MOUNTAIN,  CAL.,  BY  GEORGE  DAVIDSON  AND  CHARLES  A.  SCHOTT,  ASSISTANTS,  UNITED  STATES 
COAST  SURVEY. 

In  the  spring  of  1860,  Assistant  George  Davidson  organized  a  system  of  observations  of  heights 
with  a  \iew  of  determining  the  refraction  of  the  atmosphere  in  the  climate  of  California,  and  to 
give  data  for  relative  values  of  heights  determined  from  leveling  operations,  from  measures  of 
zenith-distances,  and  from  readings  of  the  atmospheric  pressure.  The  stations  selected  were  Bodega 
Head,  on  the  sea-coast,  about  fifty  statute-miles  northwesterly  of  San  Francisco,  and  Ross  Moun¬ 
tain,  about  fourteen  miles  to  the  northward  of  Bodega  Head.  The  ‘‘hea4l’’  is  about  240  feet  and  the 
mountain^  about  2210  feet  above  the  level  of  the  ocean.  Starting  from  Bodega  Head,  the  line 
passes  for  about  one-third  of  its  length  close  to  the  coast  line,  and  at  two-thirds  it  crosses  the  deep 
valley  of  the  Russian  River.  Local  currents  of  the  atmosphere,  due  to  this  valley,  may  possibly 
cause  disturbances  in  the  normal  refraction. 

The  two  stations  were  occupied  in  March,  1860,  and  between  the  20th  and  27th  hourly  obser¬ 
vations  (from  7  a.  m.  to  5  p.  m.)  were  made  of  reciprocal  and  simultaneous  zenith-distances,  and  of 
the  pressure,  temperature,  and  moisture  of  the  atmosphere. 

The  height  of  Bodega  Head  was  determined  by  leveling  in  August,  1860,  but  it  was  not  till 
1872  that  an  opportunity  offered  for  carrying  the  levels  up  to  Ross  Mountain.  The  results  of  this 
paper  will  be  given  under  the  three  divisions  of  the  subject  stated  in  the  title. 

1. — ^The  results  of  the  leveling  operations. 

These  operations  being  well  understood,  and  presenting  nothing  new  or  of  special  interest,  the 
following  brief  statement  will  suffice : 

The  elevation  of  Bodega  Head  was  determined  by  spirit-level  by  Assistant  George  Davidson, 
August  20, 1860.  The  staft’  could  be  read  by  means  of  a  vernier  to  0.001  of  a  foot.  He  found — 


Bodega  Head  mark  above  bench-mark  near  tidal  station .  234.6  feet. 

Reduction  to  ground,  or  top  of  copper  bolt .  .  —  0.1 

Reduction  to  half-tide  level  of  ocean .  -f  6.6 


Hence  Bodega  Head,  ground,  above  ocean . .  241.1  feet  =  73“.49 


By  direction  of  Assistant  Davidson,  the  elevation  of  Ross  Mountain  was  obtained  by  spirit- 
level  in  January,  February,  and  March,  1872,  by  Mr.  S.  R.  Throckmorton,  jr.,  aid.  United  States  Coast 
Survey,  assisted  by  Mr.  H.  J.  Willey.  The  levelings  commenced  at  Bodega  Head,  and  received  a 
rough  check  by  striking  high-water  mark  at  Salmon  Creek ;  from  here  the  line  of  level  crosses  a 
ridge  of  about  250  feet,  and  descends  again  at  the  Russian  River  to  tide- water  level ;  the  ascent  of 
Ross  Mountain  was  retarded  by  wet  and  windy  weather,  and  in  returning  the  work  had  to  be 
abandoned  after  descending  about  1,350  feet,  on  account  of  the  wet  and  spongy  ground.  The 
check-levels  during  the  descent  were  satisfactory.  The  leveling-instrument,  by  Stackpole  &  Bro., 
of  New  York,  was  borrowed  from  General  Alexander,  United  States  Engineers.  The  rod  was  com¬ 
pared  with  the  standard  steel-yard,  at  62®  Fahrenheit,  and  the  extreme  length  and  intermediate 
graduation  were  found  to  agree  with  the  standard. 
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The  resulting  difference  of  level  is  as  foUows:  Feet. 

Boss  mountain,  stone  mark  above  ground,  Bodega  Head .  1963.  55 

Beduction  of  mark  to  ground  at  Boss  Mountain .  +  0.  85 

Boss  Mountain,  ground,  above  Bodega  Head .  1964. 40 

And  by  preceding  result.  Bodega  Head,  ground,  above  half-tide  level  of 

ocean .  . * .  241. 10 


Hence,  Boss  Mountain,  ground,  above  half  tide  of  ocean .  2205. 50  feet, 


or  672.23  meters,  and  the  difference  of  height  of  the  ground  at  each  station  598.74  meters,  with  an 
estimated  probable  error  of  ±  O^.OO. 

2.— Besults  op  hourly  observations  of  reciprocal  and  simultaneous  zenith-distances 

FOR  DIFFERENCE  OF  HEIGHT  OF  THE  TWO  STATIONS. 

The  observations  at  Bodega  Head,  between  March  20  and  March  27,  1860,  were  made  by  E. 
H.  Fauntleroy,  aid.  United  States  Coast  Sun^ey.  He  used  the  10-inch  vertical  circle  No.  80;  it  is 
graduated  to  5',  and  reads  by  4  verniers  to  3"  each.  Its  optical  power  was  rather  weak  lor  the 
work  required.  One  division  of  the  level  equals  5".53,  as  determined  by  Assistant  Davidson  in 
1859.  The  axis  of  the  vertical  circle  was  62.5  inches  (1.587  meters)  above  ground,  and  the  eleva¬ 
tion  of  the  heliotrope  shown  to  Boss  Mountain  was  the  same.  The  zenith  distances  of  the  Boss 
Mountain  heliotrope  were  measured  on  five  days  at  every  full  hour  (excepting  one  on  the  first  day) 
between  7  a.  m.  and  5  p.  m.  inclusive.  Each  measure  consists  of  six  repetitions  of  the  double 
zenith-distance,  and  was  corrected  for  defect  of  verticality  of  axis  as  indicated  by  the  level. 
Immediately  before  and  after  each  measure,  the  barometer,  with  attached  thermometer,  and  the 
dry  and  wet  bulb  thermometers,  were  read,  and  the  state  of  the  weather  noted  generally,  including 
direction  and  velocity  of  wind.  The  cistern  of  the  mercurial  barometer.  Green  No.  1343,  was 
0.336  meter  above  ground.  Its  index-correction,  when  compared  with  Green’s  mercurial  barometer 
No.  1347,  which  was  stated  to  be  correct,  was  —0.010  inch,  which  correction  was  applied  to  the 
tabular  results,  as  well  as  the  graduation-corrections  of  the  thermometers  No.  16,  used  as  dry  and 
wet  bulb,  and  of  No.  3,  used  as  dry  bulb,  after  the  accidental  breakage  of  wet  bulb  No.  16.  These 
corrections  are  given  further  on. 

The  observations  at  Boss  Mountain,  between  March  20  and  March  27,  1860,  were  made  by 
Assistant  George  Davidson.  He  used  the  10-inch  Gam  bey  vertical  circle  No.  28;  it  is  graduated 
to  5',  and  reads  by  4  verniers  to  3"  each.  Its  optical  power  was  considered  weak.  One  division 
of  the  level  equals  6".29,  as  determined  by  Assistant  Davidson.  The  axis  of  the  vertical  circle 
was  61  inches  (1.549  mebir)  above  the  ground ;  the  heliotrope  shown  to  Bodega  Head  was  on  a 
level  with  the  vertical  circle.  Double  zenith-distances  of  the  Bodega  Head  heliotrope  were 
measured  hourly,  between  7  a.  m.  and  5  p.  m.  inclusive,  on  five  days,  and  at  four  morning-hours 
on  the  6th  day,  when  the  observations  had  to  be  discontinued  on  account  of  wet  and  stormy 
weather.  The  measurement  of  the  six  repetitions  of  the  double  zenith-distance  was  commenced 
exactly  at  the  Ml  hour,  and  the  average  time  occupied  in  making  them  was  about  five  minutes. 
The  level  was  read  twice  before  and  twice  after  reversal  of  the  circle,  and  the  results  were  corrected 
for  defect  in  verticality  of  axis.  The  barometer  and  attached  thermometer  and  the  dry  and  wet 
bulb  thermometers  were  observed  as  at  Bodega.  Head;  the  state  of  the  weather  was  careMly 
noted  every  hour.  The  cistern  of  mercurial  barometer.  Green  No.  1347,  which  was  borrowed 
ftom  Lieut.  B.  S.  Williamson,  United  States  Topographical  Engineers,  was  0.378  meter  above 
ground.  The  instrument  is  of  the  Smithsonian  pattern.  The  thermometers  were  No.  8,  dry  bulb, 
No.  13,  wet  bulb,  and  the  comparisons  by  McAllister  &  Bros,  with  a  standard,  and  again  by 
Assistant  Davidson,  gave  the  following  index-corrections  to  the  thermometers  used  at  the  two  stations : 


o 

To  No.  8 .  0.0 

To  No.  13 .  +0.6 

To  No.  16,  dry .  +0. 9 

To  No.  16,  wet .  +1.2 

To  No.  3 .  +1.1 


All  the  thermometers  have  Fahrenheit’s  scale. 
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Table  1. — Resulting  zenith-distances^  measured  at  Bodega  Head^i  of  the  heliotrope  at  Ross  Mountain^ 

Marchj  1860. 

880  33/^ 


Hoar  of  day. 

20th. 

21at. 

24th. 

25th. 

26th. 

27th. 

Besnlting 
mean  ffom 
five  days. 

// 

II 

„ 

„ 

u 

„ 

„ 

(♦) 

7.8 

22.9 

8.0 

6.5 

12.1 

8a.m . 

28.4 

14.9 

20.4 

6.6 

16.2 

31.5 

17.3 

9  a.  m . 

t[55.  3] 

29.5 

38.1 

[25.6] 

18.9 

33.3 

29.4 

10  a.  m . 

nil.  9] 

31.7 

[45.2) 

23.9 

17.7 

39.6 

(30.4) 

23.  3 

33.8 

31.7 

19. 1 

[20.3] 

25.6 

24.  9 

(37. 7] 

35.4 

15.8 

12.7 

25.3 

1  p  m 

30.  9 

25.  3 

28.  6 

11.  5 

15.9 

22.4 

9  p.  Tn 

15.  3 

33.2 

i 

32.4  1 

20.9 

14.9 

23.3 

ilp  m  _ 

22.4 

25.  8 

27.3 

18.9 

14.2 

21.7 

24.  6 

29.  6 

20.  0 

16.  5 

14.9 

21.1 

5  p.  m . 

25.3 

24.6 

11.0 

—  9.2 

10.5 

12.4 

ReBultiug  daily 

mean  . . . 

25.3 

26.7 

28.6 

14.3 

14.8 

21.9 

The  last  column  contains  the  hourly  means  from  five  days  of  observations,  rejecting  the  values  of 
the  27th,  as  a  broken  day.  The  maximum  value  on  each  day  is  indicated  by  an  inclosure  in  brackets. 

The  probable  error  of  any  one  mean  zenith-distance,  from  five  days  of  observation,  is  about 

±  2".l. 

Table  2. — Resulting  zenith-distances^  measured  at  Ross  MountaiUj  of  the  heliotrope  at  Bodega  Head^ 

March^  1860. 

91®  35' -1- 


Hour  of  day. 

20th. 

2l8t. 

24ih. 

25th. 

26th. 

27th. 

Resulting 
mean  from 
five  days. 

n 

// 

// 

„ 

// 

„ 

O  1  II 

7  a.m . 

44.9 

6&4 

87.3 

79.4 

69.9 

82.0 

91  36  10.  0 

8  a.m . 

58.5 

85.9 

91.2 

81.8 

68.3 

90.2 

17.1 

9a.m . 

79.4 

90.2 

93.5 

86.2 

81.3 

95.3 

26.1 

10  a.  m . 

84.9 

87.6 

[98.4) 

[87.  5) 

77.1 

96.1 

27.1 

81.  0 

90.2 

96.8 

84, 1 

(87.  2] 

[27. 91 

^oon . . 

(89. 7] 

88.9 

92.0 

77.6 

83.2 

26.3 

1  p.Tn _ _ 

87.  6 

(90. 6] 

94.4 

77.2 

77.3 

25.4 

2  p.  in  ... _ 

82.  6 

89.4 

89.8 

77.  9 

66.2 

21.2 

3p.  m . 

87.7 

82.4 

93.0 

78.5 

73.9 

23.1 

4p.  Tn . 

89.4 

86. 1 

90.7 

82.4 

79.4 

25.6 

5  p.  m . 

86.7 

80.6 

89.2 

80.5 

69.4 

21.3 

Resulting  daily 

mean . 

91  36  19. 3 

25.5 

32.4 

21.2 

15.7 

22.8 

The  observations  on  the  27th  are  omitted  from  the  mean.  The  daily  maxima  are  indicated  by 
brackets.  It  will  be  noticed  that  these  maxima  of  measured  zenith-distances  all  occur  in  the  fore¬ 
noon,  and  that  they  appear  to  connect  themselves  with  the  time  of  the  daily  maxima  of  the 
atmospheric  pressure  (for  which  see  tables  further  on).  The  average  hour  is  near  10  a.  m.  This 
may  possibly  be  quite  local,  and  may  be  connected  with  the  setting  in  of  the  sea-breeze  about  that 
time — a  phenomenon  which  renders  the  daily  fluctuation  of  temperatiu-e  at  San  Francisco  so 
different  from  the  ordinary  occurrence.  The  Bodega  Head  station  seems  to  be  slightly  more 
exposed  to  this  influence,  as  might  be  conjectured  from  its  position  close  to  the  sea-coast. 

*  To  complete  the  table,  the  value  15".5  was  here  interpolated ;  it  was  found  by  comparing  the  observed  zenith-dis¬ 
tance  at  7  a.  m.  on  each  day  with  the  mean  of  the  10  observed  zenith-distances  of  the  day  respectively.  This  difference 
is  10".7,  which  subtracteil  fi-om  26".2,  or  the  mean  of  the  10  observations  on  the  20th,  gives  15".5. 

t  Measures  unreliable  owing  to  high  wind ;  the  mean,  or  33".6,  wiU  hereafter  be  substituted  in  the  place  of  these 
measures. 
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The  probable  error  of  any  one  mean  zenith-distance  from  five  days  of  observation  is  about 
±  r'.9. 

The  heliotrope  and  instrument  being  0“.038  higher  above  ground  at  Bodega  Head  than  at  Boss 
Mountain,  the  angle  0".3  subtended  by  this  difference  will  be  subtractive  to  the  resultiug  tabular 
zenith-distances  at  Bodega  Head  and  additive  to  those  at  Boss  Mountain,  in  order  that  the  com¬ 
puted  differences  of  altitude  may  at  once  refer  to  the  ground  at  each  station. 

Table  3. — Resulting  atmospheric  pressures  observed  at  Bodega  Read,  the  height  of  the  mercurial 
column  being  corrected  for  index-error  and  its  temperature  reduced  to  that  of  freezing  water, 

MARCH,  1860. 


Hoar  of  day. 

20th. 

2l8t. 

24th. 

25th. 

26th. 

27th. 

Reenlting 
mean  from 
five  days. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

(*) 

29.689 

29.715 

30. 038 

29.920 

29. 817 

29.833 

8  a.m . 

.715 

.038 

\  .930] 

.827 

29.765 

.840 

9a.  m . 

.731 

.734 

.042 

.922 

(  .832] 

.779 

.852 

10  a.  xn . 

[  .749) 

(  .739] 

t  .049] 

.923 

[  .832) 

.780 

[  .858) 

11  _ T-- 

[  .749] 
.744 

.732 

.048 

.925 

.825 

.856 

.722 

.040 

.913 

.809 

.846 

IpiY)  _ _ 

.739 

.713 

.018 

.897 

.832 

2pm . 

.741 

.702 

30.  000 

.878 

.774 

.819 

.733 

.679 

2a  987 

.871 

.761 

.806 

4  p  «i 

.733 

.  668 

.965 

.860 

.747 

.795 

Op-n* . 

.730 

.659 

.959 

.837 

.732 

.783 

Mean . 

‘  29.728 

29.707 

-  30.017 

29.898 

2d.  795 

29.829 

*  Interpolated  yalne  for  this  hour  29.674  inches,  using  the  observed  difference  at  7  and  8  at 
Ross  Mountain. 


Inclosed  values  indicate  the  daily  maxima  of  pressure. 

The  readings  on  the  27th  are  not  used  m  the  means.  The  surface  of  the  mercury  in  the  cistern, 
in  contact  with  the  index-point,  was  0“.336  above  ground ;  hence,  to  reduce  the  observed  pressure 
to  the  ground,  0.001  inch  is  to  be  added. 

Table  4. — Resulting  atmospheric  pressures  observed  at  Ross  Mountain^  the  height  of  the  mercurial 
column  being  referred  to  the  temperature  of  freezing  tcater,  , 

MARCH,  1860. 


Hour  of  day. 

20th. 

2l8t. 

24th. 

25th. 

26th. 

27th. 

Resnlting 
moan  from 
five  days. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

7  a.m . 

27. 618 

27. 617 

27.930 

27.844 

.27. 737 

27. 676 

27. 749 

8  a.m . 

.633 

.624 

.934 

.846 

.745 

.691 

.756 

9a.m . 

.647 

.635 

.942 

.848 

.754 

.699 

.765 

10  a.  m . 

.651 

.636 

.948 

(  .869) 

[  .758) 

.713 

[  .772) 

Ham 

[  .  656] 

[  .942] 

L  .949] 

.852 

.754 

.771 

.050 

.638 

.947 

.840 

.744 

.764 

1 

.  645 

.621 

.931 

.821 

.732 

.750 

m 

.637 

.602 

.919 

.803 

.721 

.736 

3^  m 

.630 

.597 

.898 

.793 

.701 

.724 

^P 

.  626 

.576 

.884 

.782 

.693 

.712 

6p.  m . 

.622 

.572 

.877 

.775 

.678 

.705 

Mean . 

27.638 

27. 615 

27.924 

27.825 

27.729 

27.746 

The  readings  on  the  27th  are  not  used  in  the  means. 

To  reduce  the  observed  pressure  to  what  it  would  have  been  on  the  ground,  add  0.001  inch. 
The*  next  following  tables  contain  the  observed  temperatures  of  the  air  and  of  evaporation ; 
all  the  readings  were  corrected  for  index-errors  of  thermometers.  The  readings  on  the  27th  are 
omitted ;  maxima  are  indicated  by  brackets. 
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Table  6. — Observed  temperature  of  the  air  and  of  evaporation  at  Bodega  Head^  Marchj  1860. 


Hour. 

20th. 

2l8t. 

24th. 

25th. 

26th. 

Mean  of  five  days. 

Dry. 

Wet. 

Dry. 

Wet. 

Dry. 

Wet. 

Dry. 

Wet. 

Dry. 

Wet. 

Dry. 

Wet. 

o 

*48.0 

o 

*46. 1 

o 

43.4 

o 

42.8 

o 

46.7 

o 

45.6 

o 

48.4 

o 

46.8 

o 

49.5 

o 

48.5 

47. 2  F. 

o 

46.  OF. 

49.4 

46.7 

50.0 

46.0 

48.4 

47.0 

52.9 

49.3 

50.9 

40.5 

50.3 

47.7 

50.5 

47.3 

52.3 

47.2 

53.1 

40.8 

55.9 

5L2 

52.3 

50.6 

52.8 

49.2 

60.8 

47.9 

55.4 

49.7 

58.5 

53.2 

[57.9] 

56.1 

53.0 

53.5 

5L0 

55.2 

51.0 

11  a.  m . 

50.  8 

47.9 

(57.9] 

67.0 

51.0 

59.4 

52.4 

51.5 

j64.8 

51.7 

55.8 

50.0 

Noon . 

50.6 

46.8 

50.5 

60.6 

53.3 

55.9 

51.3 

56.1 

53.8 

66.0 

51.1 

1  p.  m . 

[50.0] 

50.0 

47.3 

67.6 

60.7 

[60. 7] 
58.9 

54.5 

55.2 

61.5 

56.9 

54.2 

[56,2] 

55.3 

51.6 

46.5 

53.5 

48.4 

54.2 

55.5 

53.1 

[58.4] 

56.5 

t56.4 

51.7 

«  y  ux.  ..a..... 

3  p.  m . 

49.9 

46.5 

52.4 

48.3 

58.3 

53.8 

53.9 

51.9 

55.1 

54.2 

51.1 

4p,  m . 

49.1 

46.0 

51.6 

47.7 

57.9 

53.7 

53.0 

5L5 

55.9 

54.3 

53.5 

50.6 

5  p.  m . 

48.7 

45.7 

60.1 

47.7 

66.6 

52.3 

52.6 

51.1 

55.5 

54.1 

52.7 

50.2 

Mean . 

49.9 

46.8 

52.8 

48.2 

56.3 

61.7 

54.3 

51.1 

54.6 

52.7 

53.56 

50.10 

*  Those  two  values  are  interpolated.  This  value  is  interpolated. 


Table  6. — Observed  temperatures  of  the  air  and  of  evaporation  at  Boss  Mountain^  March,  1860. 


Hour. 

20th. 

2l8t. 

24th. 

25th. 

26th. 

Mean  of  five  days. 

Dry. 

Wet. 

Dry. 

Wet. 

Dry. 

Wet. 

Dry. 

Wet. 

Dry. 

Wet. 

Dry. 

Wet. 

o 

o 

o 

o 

o 

o  * 

V  O 

o 

o 

o 

0 

.  o 

7  a.  m . 

46.0 

35.3 

44.0 

36.7 

40.5 

38.8 

47.4 

43.4 

49.6 

43.2 

45. 5  F. 

39.5F. 

8  a.  m . 

45.0 

36.6 

43.6 

3&6 

43.1 

40.2 

48.7 

43.6 

5L6 

44.7 

46.4 

40.3 

9  a.  m . 

48.5 

39.7 

45.3 

.38.7 

45.1 

41.6 

54.4 

48.6 

56.5 

50.2 

50.0 

43.8 

10  a.  m . 

49.7 

42.2 

47.7 

41.1 

48.2 

43.0 

65.2 

47.8 

57.5 

49.5 

5L7 

44.7 

11  a.  m . 

51.3 

44.9 

49.3 

42.7 

51.0 

45.6 

66.5 

50.6 

60.0 

62.5 

53.6 

47.3 

Koon . 

[52. 2] 

44.8 

60.7 

42.5 

53.7 

48.5 

67.0 

50.8 

62.6 

54.8 

55.2 

48.3 

1  p.  m . 

52.1 

43.6 

[52.0] 

43.3 

[56.9] 

50.3 

57.3 

W.6 

[63.4] 

55.6 

[56. 3] 

48.7 

2  p.  m . 

51.9 

43.1 

49.5 

42.3 

55.4 

49.6 

57.2 

48.9 

61.8 

63.7 

55.2 

47.5 

3  p.  m. . . . 

61.0 

44.2 

50.7 

42.9 

54.2 

48.0 

[.58.  4] 

52. 1 

59.9 

52.8 

54.8 

48.0 

4  p.  m . 

47.7 

42.7 

46.9 

40.4 

52.8 

47.1 

[58.4] 

62.1 

59.2 

52.3 

53.0 

46.9 

5  p.  m . 

43.3 

40.0 

45.0 

38.1 

60.0 

45.1 

54.5 

48.9 

57.8 

47.7 

.5frl 

44.0 

Mean . 

49.0 

41.6 

47.7 

40.5 

60.1 

45.3 

55.0 

48.8 

58.2 

50.6 

51.98 

45.36 

Collecting  our  preceding  mean  results,  we  have  the  following  data  for  computation : 

March  20,  21,  24,  25,  26,  1860. 


Hour  of  day. 

Observed  zenith  distance 

a  ^ 

at — 

Atmospheric  pressure 
at— 

Atmospheric  tem¬ 
perature  at— 

Temperature  of 
evaporation  at— 

Bodega  Head. 

Boss  Moun¬ 
tain. 

Bodega 

Head. 

Boss  Moun¬ 
tain. 

Bodega 

Head. 

Boss 

Mountain 

Bodega 

Head. 

Boss 

Mountain 

o  /  n 

0  1  n 

Inches. 

Inches. 

o 

0 

o 

o 

7  a.  m . 

88  33  11.8 

91  36  10.3 

29.834 

27.750 

47. 2  F. 

45. 5  F. 

4a  OF. 

89.5F. 

8  a.  m . 

17.0 

17.4 

.841 

.767 

50.3 

46.4 

47.7 

40.8 

9  a.  m . 

29.1 

26.4 

.853 

.766 

52.8 

50.0 

49.2 

43.8 

10  a.  m . 

30.1 

27.4 

.859 

.773 

55.2 

51.7 

5L0 

44.7 

11  a,  m . 

25.3 

28.2 

.857 

,772 

56.8 

53.6 

50.9 

47.8 

Noon . 

25.0 

26.6 

.847 

.765 

5ao 

55.2 

5L1 

48.8 

1  p.  m . 

22.1 

25.7 

.833 

.751 

56.2 

56.3 

51.6 

4a7 

2  p.  m . 

23.0 

21.5 

.820 

.737 

55.3 

55.2 

51.7 

47,6 

3  p.  m . 

21.4 

23.4 

.807 

.725 

54.2 

54.8 

6L1 

4ao 

4  p.  m . 

20.8 

26.9 

.796 

.718 

53.5 

63.0 

50.6  ' 

4ao 

6p.m . 

12.1 

21.6 

.784 

.706 

52.7 

60.1 

50.2 

44.0 

Mean . 

88  33  21. 6 

91  36  23.1 

29.830 

27.747 

53.56 

5L98 

50.10 

45.36 
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yotes  respecting  state  of  the  weather  at  the  two  stations : 

*  Maech  20, 1860. 

Bodega  Head, — At  7*^  wind  strong,  WNW. ;  atmosphere  hazy.  At  11*^  wind  blowing  a  gale. 

Boss  Mountain, — At  7^  moderately  clear,  sky  0.3  covered  with  cirrus  and  cirro-stratus ;  wind 
moderate,  NNW. ;  fog  to  seaward  and  in  Eussian  Eiver.  At  8^  fog  disappeared  in  Eussian  Eiver 
.Valley.  At  10^  fog  forming  along  the  coast  south  of  Bodega;  appears  to  blow  fresh  on  the  water. 
At  11'^  wind  north,  light,  weather  getting  a  little  thick.  At  noon,  somewhat  clearer.  At  wind 
moderately  strong,  NNW.  At  3*^  atmosphere  very  hazy.  At  5*^  wind  moderately  strong,  N. 

Maech  21, 1860. 

Bodega  Head, — At  7^  weather  clear,  wind  light,  E.  At  11^  wind  light,  SE.  At  2^  wind  fresh, 
SW.  At  3*^  horse-tail  clouds.  At  5*^  thick  clouds  overhead. 

Boss  Mountain, — At  7^  weather  clear,  calm.  At  9^  wind  very  light,  WSW.,  cirro-stratus  to 
northward.  At  11*^  wind  light,  S.  by  W.  At  1*^  light  wind,  SSW.  At  4^  sky  0.9  covered,  threat¬ 
ening  to  the  northwestward,  wind  SSW.  increasing.  At  5*^  wind  S.,  light.  At  5*^  15“  parhelia 
fonned,  showing  three-fourths  of  a  circle,  lower  part  not  visible ;  two  very  bright  prismatic  images 
of  the  sun,  and  a  faint  one  at  vertex. 

Maech  22  AND  23,  1860. 

Weather  quite  stormy.  At  8  a.  m.,  on  the  22d,  most  severe  squalls  of  wind,  with  rain,  from 
the  SSW.  On  the  23d  occasional  squalls ;  wind  SSW. 

March  24, 1860. 

Bodega  Head, — At  7*^  clear ;  wind  light,  SSB.  At  noon  wind  light,  SW. ;  atmosphere  clear. 

Boss  Mountain, — At  7*^  clear,  wmd  very  light,  ESE. ;  snow  on  all  the  mountains  eastward. 
At  8'‘  wind  light,  E.  by  N.  At  9^  wind  light,  ESE.  At  noon  sky  half  covered  with  cumulus,  wind 
light,  S.  At  1*^  wind  light,  WSW.,  and  S.  for  the  rest  of  the  day. 

Maech  25, 1860. 

Bodega  Head, — At  7^  weather  clear ;  wind  very  light  from  E.  At  10^  wind  light,  S W.  At 
noon  fresh  from  W.  At  2^  fog  forming  rapidly  on  line  to  Eoss  Mountain.  At  3^  heliotrope  seen 
over  the  line  of  fog ;  scud  flying  over  station. 

Boss  Mountain, — ^At  7^  clear,  wind  S.,  light;  sky  0.  At  1^  wind  light,  SW.  At  2^*  fog  forming 
rapidly  over  water,  and  coming  in.  At  3^^  fog  just  inside  our  line,  heliotrope  seen  over  edge  of 
fog-cloud.  At  4**  and  5^  wind  light,  W.  and  NW.;  clear. 

Maech  26, 1860. 

Bodega  Head, — ^At  7**  clear,  light  wind,  WNW. ;  atmosphere  hazy.  At  3^  wind  fresh  from  SW. 

Boss  Mountain, — At  7^  clear,  wind  moderate,  N. ;  atmosphere  hazy  to  S.  At  9^  wind  very 
light,  SW. ;  haze  on  line  of  sight.  At  10**  almost  calm,  clear.  At  noon  wind  very  light,  ENE. 
P  to  3*^  wind  light,  S.  4^  to  5^  wind  very  light,  SSW. ;  clear. 

Maech  27, 1860. 

Weather  cloudy,  sky  covered  with  cirro-stratus  and  cumulo-stratus;  valleys  covered  with  fog. 
Wind  light  ESE.,  between  7^  and  10*^.  After  10^  rain  in  NW.,  working  toward  SE. ;  wet  and 
stormy,  with  heavy  gales  from  SE.  round  to  SW.  For  the  six  succeeding  days  the  fall  of  rain  was 
registered  9^  inches. 

The  direction  of  wind  given  in  the  above  notes  refers  to  the  true  meridian.  These  notes  are 
extracts  from  the  more  copious  record. 

The  geographical  positions  of  the  stations  are  as  follows : 

Bodega  Head, — ^Geodetic  latitude,  38^  18'  18*".7 ;  longitude,  123^  03'  49".2  west  of  Greenwich. 

Boss  Mountain, — ^Astronomical  latitude,  38®  30'  10".0 ;  longitude,  123^  07'  13".l  west  of  Green¬ 
wich. 

Geodetic  distance  of  stations  22482.2  meters,  and  azimuth  of  line  from  Bodega  Head  167®  18' 
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35",  and  reverse  azimuth  from  Boss  Mountain  347^  16'  29",  counted  from  the  south  point  around 
by  west. 

We  have  also  the  radius  of  curvature*  to  the  earth’s  surface  in  latitude  q>  and  in  azimuth  a 


where — 


a  (1  —  6*) _ 

(1  —  e*  +  6®  cos*  ip  cos*  a)  (1  —  6*  sin*  ip)  i 


e*  = 


and  the  semi-axes,  according  to  Clarke, 

a  =  6  378  206  meters 
5=  6  356  584  meters 


hence— 


radius  of  curvature  to  our  line  =  6  361  215  meters. 


Reduction  of  observations  of  zenith  distances. — For  reducing  these  observations,  we  shall  make 
use  of  Dr.  Bauenifeind’s  investigations  respecting  atmospheric  refraction,  as  presented  in  Nos. 
1478-1480  and  in  Nos.  1587-1590  of  the  Astronomische  Nachrichten  (1866).  These  developments 
are  preferred  to  others  on  account  of  their  completeness  and  for  the  reason  that  the  simple  funda¬ 
mental  assumptions  made  respecting  the  physical  constitution  of  the  atmosphere  apparently  lead 
to  results  in  tolerably  close  conformity  with  experience. 

Terrestrial  refraction  between  any  two  stations  is  conceived  as  the  difference  of  the  astronom¬ 
ical  refractions  of  a  ray  of  light  passing  between  them,  and  the  equation  to  the  refracted  ray  is 
determined  with  consideration  of  the  particular  circumstances  of  atmospheric  pressure  and  tem¬ 
perature,  as  noted  at  the  intersecting  stations, 
liet— 

oo  =  0.00027895,  a  mean  value  for  constant  of  refraction,  at 

^0  =  29.6  inches  (751"*"‘.83)  of  atmospheric  pressure,  and 

^0  =  507^.7  Fahr.,  counted  from  the  absolute  zero ; 

p  =  observed  atmospheric  pressure,  the  mercurial  column  being  at  the  temperature  of 
freezing  water  5 

e  =  observed  temperature  =  459^  +  t,  where  t  must  be  expressed  in  degrees  of  Fahren¬ 
heit’s  scale ; 

a  =  oo  =  rectangular  brackets,  including  a  logarithm  and  to  be 

expressed  in  inches  ;t 

To  =  the  radius  of  curvature  to  the  earth’s  surface  in  the  latitude  of  the  middle  point  of 
the  arc  joining  the  stations  and  in  the  azimuth  of  the  line ; 

nio  =  a  second  constant  (for  a  given  latitude  and  elevation)  depending  on  the  refraction, 
and  =  0.007464  for  the  latitude  of  Konigsberg ;  its  values  for  various  latitudes 
are  given  in  the  following  table : 


Lat. 

fno 

log  mo 

Lat. 

mo 

log  mo 

Lat. 

mo 

log  mo 

o 

0 

0.008300 

7. 91907 

o 

41 

0. 007740 

7.88875 

o 

51 

0.007547 

7.87782 

10 

8263 

.91666 

42 

719 

8756 

52 

528 

7668 

20 

8133 

.91040 

43 

697 

8632 

53 

510 

7564 

80 

7939 

.89977 

44 

675 

8508 

54 

491 

7454 

36 

7857 

.89631 

46 

656 

8395 

55 

473 

7351 

36 

7839 

.89426 

46 

637 

8292 

60 

388 

6856 

37 

7818 

.80310 

47 

619 

8190 

65 

303 

6352 

38 

7800 

.89214 

48 

602 

8093 

70 

262 

6109 

39 

7779 

.89092 

49 

585 

7996 

80 

185 

5646 

40 

7759 

.88984 

60  ' 

567 

7892 

90 

161 

5499 

*  A  table  giving  the  logarithm  of  the  radius  for  various  latitudes  and  azimuths  is  apx)ended  to  this  paper, 
uncertainties  in  the  figure  of  the  earth  make  the  sixth  place  of  the  logarithms  unreliable, 
t  For  the  centigrade  scale  and  millimeters  of  pressure — 


$0  =  2820.1 


e  =  2720.8  +  r  and 


[6.01981]  /? 


The 
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h  =  elevation  of  observing-station  above  the  sea-level ; 

h  (1  —  y)®  Ofl  •  5a 

y  =  m  =  1  •-•»»«;  also  i?  =  — - : 


wi 


Wo  n 
P  =  ^0  +  ^5 

d  =  horizontal  linear  distance  between  the  two  stations  at  the  sea-level,  expressed  in  meters 


d 

(p  =  -  distance  in  parts  of  radius  or 
'0 

Ah  •=  difference  of  height ; 

C  =  observed  zenith-distance ;  and 
„  _  ~  (C08» :  +  1  -  V) 

P  —  ^  cos®  c 


f5.3144251]d 


u 


in  seconds  of  arc ; 


I  ^  =  /o  ^  I 


cot  C  + 


cos^ 


+  1  —  t? 


2^tC 

^  3  w  sin^  ^  ^  + 


2  sin*  C 

H  =  elevation  of  observed  station  +  Ah. 


V  {p  —  3)  cot*  C 
6  w*  sin*  C 


V'=’+ } 


Applying  these  formulae  to  the  hourly  observations  of  zenith-distances,  we  obtain  the  follow¬ 
ing  resulting  values  for  difference  of  height: 


Ah  from  observations 
at 


Hour. 

i 

1 

Bodega  Head. 

*9 

0 

1 

Mean  Ah 

i 

1 

m. 

1 

m. 

m.  j 

7  a.  m . 

1  +600.36.^ 

-596.374 

.  598. 370 

8  a.  m . 

590.  881 

597. 126 

.503 

1  9  a.  m . 

,  598. 623 

598.014 

.318  1 

j  10  a.  m . 

!  ,m  .578 

598.  081 

.329 

11  a.  m . 

599. 119 

598. 115 

.617  . 

Noon . 

'  599. 161 

.597.  896 

.528 

1  p.  m . 

.599.  489 

.597. 762 

.625 

1  2p.m . 

,599.  374 

597.  325 

.350 

3  p.  m . 

599.  .52.5 

.597.  .538 

.531 

4  p.  m . 

599.  576 

597. 851 

.714 

'  r>  p.  m . 

600.608 

597. 4.58 

.9^3 

'  Means . 

j  -f. 599. 473 

-597.595 

598.  533 

1 

These  results  are  shown  graphically  on  the  accompanying  diagram,  which  also  gives  a  repre¬ 
sentation  of  the  observed  presvsure  and  temperature  of  the  air  at  the  two  stations. 

It  will  be  seen  that  the  accord  with  the  result  from  the  leveling-operation  is  quite  close,  the 
difference  only  amounting  to  0"'.21 ;  but  if  we  compare  the  results  derived  from  the  two  stations 
separately,  we  have  a  difference  of  1™.88,  which  reduces  to  if  we  confine  ourselves  to  the 
hours  between  9  and  4,  both  inclusive.  This  would  indicate  that  the  adopted  constant  of  refrac¬ 
tion  requires  a  small  change  to  suit  the  particular  circumstances.  The  observations  at  Bodega 
Head  give  too  much  difference  of  height,  Jind  the  observations  at  Ross  Mountain  too  little  differ¬ 
ence  of  height.  In  either  case,  the  constant  emx)loye<l  makes  the  ray  of  light  pass  above  the  true 
height,  which  indicates  th.at  the  adopted  nulii  of  curvature  of  the  ray  are  too  great,  or  that  the 
assumed  refraction  is  too  small.  If  we  increase  ao  or  v  by  one-ninth  of  its  value,  we  find  results 
which,  in  their  mean  values,  are  almost  identical,  viz,  from  observations  at  Bodega  Head,  5 

from  Ross  Mountain,  598'”.35;  mean,  598"‘.52;  and  after  omitting  results  for  the  hours  7  and  8  a.m. 
and  5  p.  m.,  when  the  atmosphere  is  too  much  agitated  by  currents,  from  observations  at  Bodega 
Head,  598“.40;  from  Ross  Mountain,  598'".58;  mean,  598’".49.  The  character  of  the  curves,  as  given 

S.  Ex.  37 - 44 
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on  the  diagram,  remains  the  same  for  any  small  change  in  ao,  hut  the  investigation  of  the  angles 
of  refraction  makes  the  desirability  of  any  such  change  a  matter  of  doubt. 

Let — 

Z  and  Z'  =  the  true  zenith-distances  at  the  lower  and  upper  stations,  refraction  having  no 
existence ; 

H  and  H'  =  the  known  (by  level)  elevations  of  the  two  stations  5  also  H©  =  J  (H  +  H') ;  and 
d  if  r©  =  the  same  quantities  as  before. 

Then  the  values  of  Z  and  Z'  can  be  found  from  the  expressions — 
i(Z'  +  Z)=9(P  + 

i  (Z' -  Z) = 1  -  ^  -  i^)  ! 

And  the  angles  of  refraction  become — 

J  C  =  C  —  Z ;  also  the  total  refraction  r  =  JC+^C'  =  ^  +  ISQo  —  (C  +  CO 
J  :'=C'-Z' 

In  our  case  Z  =  880  34'  32".9  and  Z'  =  91o  37'  36".l. 

The  following  table  contains  the  resulting  refraction  for  the  hourly  measures : 


Observed  angle  of 
refraction  at 

Hour. 

1800 

r 

Bodega  Head. 

Boss  Mountain. 

7  a.m - - 

/  // 

—9  22.1 

/  // 

2  46.9 

1  21.1 

/  // 

1  25.8 

8  a.  m . 

34.4 

34.6 

15.9 

18.7 

9  a.m . 

55.5 

13.5 

3.8 

9.7 

10  a.  m . 

57.5 

11.5 

2.8 

a7 

11  a,  m . 

53.5 

15.5 

7.6 

7.9 

Xoon . . 

51.6 

17.4 

7.9 

9.5 

1  p.  m . 

47.8 

21. 2 

10.8 

10.4 

2  p.  m . 

44.5 

24.  5 

9.9 

14.6 

3  p.  m . 

44.8 

24.  2 

11.5 

12.7 

4  p.  m . 

46.7 

22.  3 

12.1 

10.2 

5  p.  m . 

33.7 

35.3 

20.8 

14.5 

The  values  for  the  total  refraction,  r,  show  the  ordinary  diurnal  variation,  the  refraction 
being  least  soon  after  10  a.  m.,  as  exhibited  in  the  second  figure  of  the  accompanying  diagram, 
where,  however,  the  value  of  ^  r  is  represented. 

These  results  from  the  observed  refractions  present  the  anomaly  of  the  refraction  at  the 
upper  station  being  greater  than  the  simultaneous  refraction  at  the  lower  station,  except  at  the 
afternoon-hours  1,  4,  and  5,  when  the  reverse  takes  place. 

Owing  to  this  fact,  we  do  not  think  it  advisable  to  make  any  change  in  the  value  of  a©. 

The  angle  of  refraction  for  any  particular  state  of  the  atmosphere  with  respect  to  pressure 
and  temperature  may  be  found  from  the  following  expressions  given  by  Bauerufeind : 

=  -  V'  -  (i  p  + 1)  1)0*  - . I 

J  C'=  i  ®  '/'  I  1  —  V,  _  (2)  -  5)  1)0®  V'*  - . I 

for  the  lower  and  upper  stations;  also  the  difference  of  refraction : 

J  C  —  ^  C'  =  i  i?o  «/'*  I  2  u  4-  m  (5  —  6 1’)  +  (p  —  9)  2?o  V'  4- . | 

^  cot  C  ,  m  (cos^  C  4- 1  —  ^)  i  4* 

where  p©  = - and  p  =  — ^ ^ - -  as  before. 

m  ^  cos*  C 
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Applying  these  formul®,  the  angles  of  refraction  at  the  lower  station  should  be  greater  by 
I'M  than  the  corresponding  angles  at  the  upper  station. 

The  cause  of  the  apparent  anomaly  of  an  observed  greater  refraction  at  the  upper  than  at  the 
lower  station  may  be  due  to  difference  of  station  errors  or  of  that  part  of  the  deviation  of  the  plumb- 
line  which  is  effective  in  the  vertical  planes  passing  through  the  two  stations.  This  cause  would 
be  a  constant  one.  Or  it  may  be  due  to  a  difference  in  the  law  of  decrease  of  temperature  with 
increase  of  height;  thus,  the  more  rapid  the  decrease  of  temperature,  the  smaller  the  refraction, 
and,  on  the  contrary,  the  slower  the  decrease  of  temperature,  tlie  greater  the  refraction.  With  a 
sufficiently  rapid  decrease  of  temperature  the  refraction  may  become  zero  (and  even  be  negative); 
with  no  decrease,  or  for  a  constant  temperature,  the  refraction  is  very  large,  and  will  yet  increase 
should  the  temperature  increase  (with  the  height)  instead  of  decrease.  Winds  at  different  alti¬ 
tudes,  the  currents  having  different  temperature,  sufficiently  explain  such  occurrences. 

Small  defects  in  the  absolute  value  of  the  atmospheric  temperature  are  of  little  consequence 
with  regard  to  measures  of  height;  thus  an  increase  or  decrease  of  10^  Fahrenheit  would  only  produce 
an  increase  or  decrease  of  0™.14  in  the  difference  of  height  of  Bodega  Head  and  Eoss  Mountain. 

In  using  the  ordinary  simple  expressions  for  difference  of  height,  taking  the  ray  of  light  to  be 
part  of  an  arc  of  a  circle,  or  the  refractions  equal  at  the  two  stations,  which  answer  well  enough 
for  short  distances  and  small  heights,  a  knowledge  of  the  so-called  co  efficient  of  refraction  (k) 

may  often  be  desirable;  it  is  nearly  g  t?,  and  may  be  found  for  any  particular  pressure  and  tem¬ 


perature  of  the  atmosphere  by — 

2  A;  =  t?  (1  —  2po  V'  +  (2  —  V'*  — . ) 


the  letters  having  the  same  signification  as  before.  In  the  present  case  we  find  for  9  a.  m.,  at 
the  Bodega  Head  station,  k  =  0.088,  whereas  for  that  hour  the  reciprocal  and  simultaneous  zenith- 
distances*  give  k  =  0.092,  as  found  by — 

1  i80-(;  +  co 

2  2  V' 


The  following  table  contains  the  values  of  ^  «  for  latitude  38°  and  for  various  atmospheric 
pressures  and  temperatures : 


Pressure. 

300  F. 

1  50°  F. 

70°  F. 

900  F. 

30  inches . 

0.094 

0.090 

0.087 

0.084 

28  inches . 

0.088 

;  0.084 

0.081  1 

0.078 

26  inches . 

0.  082 

j  0.078 

0.  075  1 

0.  073 

24  inches . 

0.076 

'  0.073 

0.070 

0.067 

Further  and  more  extended  observations  for  the  daily  variation  of  refraction  have  been 
authorized  by  the  Superintendent,  and  it  is  to  be  hoped  that  these  may  soon  be  made. 


•  The  values  of  k  for  each  hour  and  the  values  of  found  by 
table: 


d  sin  i  (C  -  C) 


are  contained  in  the  foUowing 


Hour. 

k 

£ih 

7  a.  m . 

0.114 

m. 

598.48 

8  a.  m . 

.106 

.59 

9  a.  m . 

.092 

.42 

10  a.  m . 

.090 

.42 

11  a.  m . 

.093 

.72 

Noon . 

.094 

.65 

1  p.  m . 

.097 

.76 

2  p.  m . 

•  .099 

.48 

3  p.  m . 

.099 

.67 

4  p.  m . 

.098  I 

59^84 

5  p.  m . 

.106 

599.  08 

Mean.... 

0.099 

598.64 
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3.— Results  of  hourly  obsehvations  of  the  atmospheric  pressure  for  difference 

OF  HEIGHT  OF  THE  STATIONS. 

Ill  the  iiresent  state  of  barometric  hypsometry  it  is  most  desirable  to  make  and  discuss 
barometric  observatious  specially  uudertaken  with  a  view  of  coutributiu*^  information  respecting 
the  daily  and  the  annual  variation  in  deduced  heights.  It  is  only  by  means  of  such  observations, 
made  in  dillerent  climates  and  under  difterent  circumstances,  that  we  can  secure  the  foundation  for 
corrections  to  be  applied  to  computed  difterences  of  heights  measured  barometrically  at  any  hotir 
of  the  day  and  any  season  of  the  year. 

Ramond,  about  1810,  appears  to  have  been  the  tirst  to  notice  the  relation  between  barometric¬ 
ally-deduced  heights  and  the  time  of  the  day  when  these  measures  were  taken.  The  annual 
variation  w^as  also  indicated  by  his  results.  Kreil  proposed  the  use  of  annual  means  of  pressure 
and  temperature  to  secure  reliable  results,  especially  for  the  case  w  hen  the  two  stations  lie  horizon¬ 
tally  a  great  distance  apart. 

Among  those  w'ho  have  more  recently  occupied  themselves  w  ith  this  subject  may  be  mentioned 
Professor  Plantamour,  Dr.  Rauernfeind,  Dr.  Ruhlmann,  and  Major  Williamson,  U.  8.  A.  Planta- 
mouPs  Tables  of  Corrections  have  been  reproduced  in  the  Meteorological  and  Physical  Tables, 
published  by  the  Smithsonian  Institution  (third  edition,  1850).  Further  information  will  be  found 
in  Ruldmaun’s  small  but  valuable  work:  ‘^Barometric  MeasiHements  of  Heights  and  their 
Relation  to  the  Constitution  of  the  Atmosphere,”  Leipzig,  1870.* 

Among  the  conclusions  reached  are  the  following:  Differences  of  heights,  barometrically 
determined,  axipear  to  attain  theii'  maximum  value  shortly  before  the  time  of  greatest  heat  of  the 
day ;  they  decrease  rapidly  during  the  afternoon,  and  slowly  during  the  night,  reaching  their  min¬ 
imum  about  one  or  tw  o  hours  before  sunrise.  From  the  least  to  the  greatest  value  the  rise  is  rapid. 
This  daily  variation  in  the  computed  heights  appears  fully  developed  only  for  those  djiys  on  which 
the  insolation  of  the  ground  is  complete  under  a  clear  sky,  and  the  loss  of  heat  during  the  night  by 
radiation  is  not  interrupted.  On  cloudy  or  w  indy  days  the  amplitude  of  the  variation  is  much 
diminished,  without,  however,  totally  disappearing.  The  magnitude  of  the  daily  variation,  besides 
being  dependent  on  the  season  of  the  year,  is  affected  by  local  circumstances,  connected  with  the 
capacity  of  the  ground  for  absorption  and  radiation  of  heat.  Resulting  heights,  determined  from 
daily  or  monthly  means,  also  show’  an  annual  period ;  they  are  found  too  small  in  winter  and  too 
great  in  summer.  The  amplitude  of  the  annual  variation  is  less  than  that  of  the  daily  variation. 
Heights  determined  from  annual  means  generally  giv^e  results  differing  little  from  the  truth. 

Observations  are  recommended  to  be  made  at  the  following  hours,  when  the  daily  and  annual 
variations  are  supposed  to  pass  through  zero-value : 

In  January,  at  1  p.  m. 

In  February,  at  10  a.  m.  and  4  p.  m. 

In  March,  at  8  a.  m.  and  0  p.  m. 

In  April,  at  7^  a.  m.  and.  7  p.  m. 

In  May,  at  7  a.  m.  and  7  p.  m. 

In  June,  at  CJ  a.  m.  and  p.  m. 

In  July,  at  a.  m.  and  p.  m. 

In  August,  at  7  a.  m.  and  7J  p.  m. 

In  September,  at  8  a.  m.  and  6  p.  m. 

In  October,  at  10  a.  m.  and  3^  p.  m. 

In  November,  at  lOJ  a.  m.  and  p.  m. 

In  December,  at  no  time. 

These  hours  refer  to  the  middle  of  ea<ih  month  and  to  an  average  state  of  the  atmosphere,  and 
must  be  considered  as  correct  only  for  the  actual  circumstances  under  which  they  were  obtained;  • 
how  far  they  apply  to  oih  various  climatic  conditions  remains  to  be  ascertained  experimentally. 

The  recognized  cause  of  the  daily  variation  in  the  computed  differences  of  heights  is  the  defect- 

•  This  pamphlet  contains  a  historical  sketch  of  the  development  of  barometric  hy|isometry ,  and  includes  a  com¬ 
pilation  of  the  principal  barometric  formulae  offered  by  various  writers,  chronologically  arranged ;  also  a  table  of  the 
literature  of  this  branch  of  meteorology. 
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ive  mean  temj)erature  introduced  by  the  supposition  that  the  mean  of  the  observed  temperatures 
at  the  two  stations  equals  that  of  the  intervening  stratum  of  air.  The  daily  variation  of  tempera¬ 
ture,  under  a  clear  sky,  is  less  the  higher  we  rise  above  the  surface,  and  is  very  small  in  the  higher 
strata.  The  thermometers,  which  cannot  be  elevated  sufficiently  to  place  them  above  the  influence 
of  the  radiation  and  conduction  of  the  soil,  can,  therefore,  give  but  very  defective  information 
respecting  the  temperature  of  the  elevated  strata  of  air,  except  in  the  case  of  an  overcast  sky.  The 
problem  of  barometric  measures  ha«5,  therefore,  been  inverted,  and  the  mean  temperature  of  the  air 
has  been  computed  from  the  observed  pressures,  and  the  difference  of  altitudes  otherwise  known 
or  determined.  This  process  leads  to  a  system  of  corrections  to  the  observed  temperatures  to  be 
applied  in  the  computation  of  ordinary  hypsometric  measures  by  means  of  the  barometer. 

It  matters  comparatively  little  which  of  the  generally-recognized  barometric  formulie  is  used; 
for  the  case  in  hand  we  select  from  the  class  of  formulm  which  introduce  a  distinct  term  for 
observed  humidity,  that  given  by  Dr.  Euhlmann,  for  which  see  his  work  on  Barometric  Measure¬ 
ments  of  Heights  (Leipzig,  1870),  or  Astronomical  Tables  and  Formulae,  by  Dr.  C.  F.  W.  Peters 
(Hamburg,  1871).  Plantamour’s  and  Bauernfeind’s  formuhe  give  almost  identical  results,  which,  in 
the  present  case,  are  about  three-fourths  of  a  meter  in  excess ;  on  the  other  hand,  Laplace’s,  Baily’s, 
and  Loomis’  formulae,  all  based  upon  an  average  degree  of  humidity,  give  results  about  one  and 
one-half  meter  in  defect  of  the  result  by  Eiihlmann’s  formula.  The  effect  on  the  calculated  height 
of  the  term,  invohing  the  hygrometric  state  of  the  air,  is  comparatively  small ;  in  the  present  case 
the  result  for  complete  saturation  being  2*“.7  greater  than  the  results  supposing  absolute  dryness. 
Let — 

h  =  difference  in  height,  expressed  in  meters ; 

6',  =  atmospheric  pressure  at  the  lower  and  upper  stations,  both  readings  reduced  to  refer 

the  temperature  of  the  mercury  to  that  of  freezing  water;  in  the  term  involving  the 
vapor-pressure  ft'  and  ft"  should  be  expressed  in  millimeters ; 
t',  t"  =  atmospheric  temperature,  expressed  in  centigrade  scale,  at  the  lower  and  upper  stations ; 
<y',  =  the  vapor-pressure,  expressed  in  millimeters,  at  the  lower  and  upper  stations; 

z  =  height  of  lower  station  above  the  sea-level;  and 
=  mean  latitude  of  the  stations : 

then — 


h  =  18400.2  (  1.00157  +  0.003676  ^ 


1  +  0.378 


) 


X(l  +  0.(l02623co»2rt(l  + 


ft" 

The  logarithms  of  these  terms  are  tabulated,*  and  putting  for  convenience — 


we  have — 


log{ 

log{ 
iogj 
log  I 


18400.2  1.00157  +  0.003675  ^  - 

log  V  —  log  V  I 

1  +  0.002623  cos  2  y  | 


1  + 


2z+  h 
637815 


1 


)(  =  A 
=  B 
=  C 
=  D 
=  B 


log  ft  =  A-fB-fC-fD-fE 

If  T  and  T'  =  temperature  of  dry  and  wet  bulb,  e  =  maximum  vapor-tension  at  T' ;  then 

<T  =  e-  0.0008  (T  -  T')  ft 
and  in  case  the  wet  bulb  is  coated  with  ice, 

=  6  -  0.00069  (T  -  T')  ft 


*  RUhlmann’s  Table  I  (also  that  given  in  Peters^  tables)  requires  a  small  correction,  easily  applied,  in  the  last  place 
of  decimals,  to  produce  perfect  accord  with  the  numbers  in  the  formula.  It  has  been  supplied  in  the  present  application. 
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o'  -4-  h'  4-  6'' 

The  mean  value  of  <r  or  — ^ - mean  pressure  b  =  —  2  ~  arguments  for 

the  table  giving  the  value  of  C  with  sufficient  approximation. 

The  following  table  contains  the  resulting  differences  of  height  between  Bodega  Head  and  Boss 
Mountain  for  each  of  the  observing-hours,  and  their  excess  (indicated  by  a  minus  sign)  over  the 
true  difference,  as  found  by  the  spirit-level : 


Hour. 

598.74 -A. 

7a.m . 

m. 

598. 80 

m. 

-  0.06 

8  a.  m . 

600.98 

-  2.24 

9  a.  m . 

605.52 

-  6.78 

10  a.  m . 

607.65 

-  8.91 

11  a.  m . 

608.84 

-  10.10 

Noon . 

609.17 

-  10.43 

1  p.  m . 

610.34  j 

-  11.60 

2  p.  m . 

609.73 

-  10.99 

3  p.  m . 

608. 94 

-  10.20 

4  p.  m . 

607.  98 

-  9. 24 

5  p.  m . 

604.32 

-  5.58 

The  small  effect  of  variations  in  moisture  in  these  results  has  already  been  stated  5  to  ascertain 
effects  of  small  changes  in  pressure  and  in  temperature  we  have — 


where — 


a  dr 
1  +  a  T 


+  M 


db' 


log  b*  log  b 


Q + ! 


a  =0.003675; 

M  =  modulus  of  common  logarithms ;  and 
db"  J-dl/. 

Supposing  an  error  in  the  reading  of  the  barometers  of  0.004  inch,  or  0.1  millimeter  nearly,  to 
have  been  committed  at  each  of  the  stations  (but  of  opposite  signs),  we  find  dh  =  2.3  meters ;  hence, 
in  the  mean  value  from  five  days  of  observations  we  may  expect  a  remaining  uncertainty  of  nearly 
one  meter. 

Supposing  an  error  in  the  reading  of  the  thermometer  of  Fahrenheit,  nearly  0^.2  centigrade, 
we  have  dh  =  0.4  metre,  showing  that  the  uncertainty  in  any  one  of  the  above  hourly  results  arising 
from  imperfect  readings  of  instruments  may  be  taken  as  ^00  of  the  height  nearly. 

The  computed  differences  of  height  for  each  hour  are  shown  in  the  accompanying  diagram, 
to  which  has  been  added  the  resulting  vapor-pressure  at  the  two  stations,  as  computed  from  Major 
Williamson’s  table.*  The  deduced  vapor-pressures,  as  well  as  the  observed  temperatures  at  the 
two  stations,  are  strictly  local  results,  and  give  no  true  indication  of  the  humidity  and  temperature 
of  the  intervening  stratum  of  air. 

The  true  difference  of  height  and  the  pressure  at  the  two  stations  being  known,  we  find  the 
mean  temi)erature  of  the  air  depending  upon  these  data  by — 


If  h 

“  a  V  fc  (log  b'  -  log  b") 


where  k  represents  the  constant  in  the  approximate  expression — 


h  =  Jc  {1  ar)  log 


b" 


But  it  is  more  convenient  and  accurate  to  make  use  of  the  tables,  forming  the  values 


log  h 

BT-C  +  D  +  E, 


•  Professional  Papers  of  the  Corps  of  Engineers,  United  States  Army,  No.  .15,  New  York,  1868, 
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and  entering  the  first  table,  which  gives  the  value  of  2  r  directly.  Converting  the  hourly  values  of 
T  so  found  into  theii*  equivalents  in  Fahrenheit  degrees,  we  obtain  the  following  numbers : 


Hour. 


0  1 

0 

7  ft.  m . 

46. 4  F. 

46. 4  F. 

8  a.  m . 

48.4 

46.4 

9  a.  iDf.... 

51.4 

45.  6 

10  a.  m . 

53.4 

46.0 

11  a.  m . 

54.7 

46.2 

Xoon . ' 

55.6 

46.8 

1  P-m . 

56. 3  ! 

46.4 

2  p.  m . ' 

55. 2  1 

46. 0  j 

3  p.  m . 

54.5 

45. 9  j 

4  p.  m . 

53.  2 

1  45. 7  1 

5  p.  m . 

i  51.4 

1 

46. 6  1 

C,  = 


s  ^  5 

I 


£  £ 

-  "x 

S*  ^ 

;2  'p 

s  C 

E  5  2 


°  I 

O.OF. 
-2.0 
-5.8 
—7.  4 
-8.5 
-8.8 
-9.9 
-9.2 
-8.6 
-7.5 
-4.8 


+1.0F. 


-0.6 

-2.6 

-4.2 

-5.1 

-5.8 

r-6.0 

-5.5 

-4.6 

-3.3 

-2.0 


The  numbers  in  the  last  column  are  interpolations  from  PlantamouFs  Table  XI,  p.  D.  82,  of 
third  edition  of  the  Smithsonian  Meteorological  and  Physical  Tables ;  they  refer  to  March  24,  and 
were  converted  into  degrees  of  Fahrenheit. 

We  thus  arrive  at  the  remarkable  result  that  the  temperatui'e  of  the  intervening  stratum  of 
air  is  nearly  constant,  viz,  46^.2,  and  shows  apparently  no  trace  of  a  daily  variation,  the  rays  of  the 
sun  passing  through  without  sensibly  heating  it.  The  daily  variation  of  temperature,  therefore, 
would  seem  to  be  confined  mainly  to  the  layer  of  air  in  contact  and  close  proximity  to  the  earth’s 
surface.  The  corrections  derived  from  Plantamour’s  table  (deduced  from  obseiwations  at  Geneva 
and  the  great  Saint  Bernard)  are  smaller  than  those  deduced  from  our  observations,  buf  the  latter 
refer  to  a  clear  sky  (the  heliotropes  having  been  seen  every  hour).  To  make  Plantamour’s  correc¬ 
tions  answer  for  our  case,  they  require  to  be  increased  by  two-thirds  of  their  amount ;  for  the  case 
of  an  overcast  sky,  they  must  be  diminished  possibly  by  one- half  or  more.  The  one-third  of  the 
total  solar  radiation,  which  may  be  absorbed  by  the  atmosphere,  is  probably  consumed  by  the 
processes  of  expansion  and  evaporation,  and  thus"*  gives  no  sensible  heat.  In  the  present  case, 
however,  the  daily  variation  of  temperature  is  very  small,  owing  to  the  proximity  of  the  ocean, 
and  different  and  apparently  less  anomalous  results  may  be  expected  for  stations  farther  removed 
from  the  coast. 

To  estimate  the  effect  of  a  small  error  in  the  observed  pressme  on  the  deduced  mean  tempera- 
time,  and^  supposing,  as  before,  d  —  d  we  have,  from 


d  T 


M(i;+ar)  /I 
a  (log  /y  —  log  b'^) 


dh' 


the  relation  d  t  =  10.8  d  b* ;  hence,  for  d  b'  0.1  millimeter,  d  r  =  l^.l  centigrade,  or  nearly  2^ 
Fahrenheit,  which  shows  the  extreme  sensitiveness  of  the  operation. 

If  the  barometric  observations  alone  had  been  available,  the  safest  result  that  might  have 
been  deduced  from  them  would  have  been  that  interpolated  for  the  epoch  7J  a.  m.,  which  is  600'".5, 
and  I'^.S  in  excess  of  the  true  value.  Error  about  of  the  difference  of  heights. 

Addendum, — The  approximate  and  very  convenient  formula,  specially  applicable  to  aneroid 
barometers,  and  giving  the  difference  of  height  in  feet,  viz : 


Ah  =  54500 


diff.  of  readings 
sum  oi*  readings 


±  10  ft.  ± 


J  h 
200* 


2.083 


gives  for  Boss  Mountain  and  Bodega  Head  Ah  —  54500  +  57^577  =  1071.7  feet.  This  formula 
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supposes  the  temperature  of  the  intervening  air  to  be  55^  Fahr.  For  every  degree  of  mean  tem¬ 
perature  in  excess  of  J  /i  is  to  be  added  (or  subtracted  for  every  degree  in  defect.)  In  our 
case,  the  temperature  of  the  air  is  52o.8  Fahr.,  hence  the  correction  —  9.6  feet  and  the  resulting 
difference  of  height  1962  feet  ±  10^  +  (9.8)^  or  ±  14  feet.  The  true  difference  is  1964.4  feet. 

The  approximate  formula  applies  to  differences  of  heights  not  exceeding  about  3000  feet. 


a.  m.  J».  w. 

7  8  9  10  11  iVbon  1  2  3  4  5 


8.  Ex.  37 - 46 
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Tabled  of  logarithms  of  radius  of  curvature  to  the  eartlCs  surface^  for  various  latitudes  and  azimuths^ 
based  upon  Clarlcds  ellipsoid  of  rotation  (1866),  and  for  metric  unit. 


.d 

I.ATITl  UK, 

1 

‘n 

240 

260 

280 

300 

32° 

340 

36° 

Meridian . 

0 

0 

6.  802479 

6.  802597 

6.  802722 

6.  802^52 

6.  802988 

a  803129 

6.  803274 

.5 

2498 

2615 

2739 

2869 

3004 

3145 

3289 

10 

2553 

2669 

2791 

2919 

30.52 

3190 

3332 

15 

2644 

27.56 

2875 

3000 

3130 

3265 

3404 

20 

2766 

2875 

2990 

3111 

3236 

3366 

3500 

30 

3093 

3192 

3296 

3405 

3.518 

3636 

3757 

40 

3496 

3.580 

3671 

3766 

3864 

3967 

4072 

50 

3923 

3994 

4070 

41.50 

42:13 

4319 

4407 

GO 

4325 

4384 

4446 

4.512 

4.580 

4650 

4723 

70 

4653 

4702 

47.53 

4807 

4863 

4921 

4980  1 

75 

4776 

4822 

4869 

4918 

4969 

5022 

5076 

80 

4867 

4909 

49.53 

4999 

5047 

.5097 

5148 

85 

4923 

4963 

,5006 

5049 

5096 

5143 

5192 

Prime  vertical. 

90 

6.  804942 

6.  804981 

a  8(».'*023 

6.  80.5066 

6.805112  ^ 

a  805159 

6.  805207 

i 

38° 

400 

420 

1  440  1 

!  460 

480 

50° 

Meridian . 

0 

6.  803422 

6.  803573 

6.  803726 

6.  803880 

6.  804035 

a  804189 

6.804342 

5 

3436 

3586 

3739 

'  3892 

4045 

4199 

4351 

10 

3478  ! 

3626 

3775 

,  3926 

4077 

4228 

4378  j 

15 

3546 

3690 

3835 

3982 

41.30 

4277 

4423 

20 

3637  1 

3776 

3917 

'  4059 

4201 

4343 

4484 

30 

j  3880 

4006 

4133 

4262 

4391 

4519 

4647 

40 

4170 

4289 

4400 

4511 

4623 

4735 

4846 

50 

'  4498 

4590 

4683 

4777 

!  4871 

4965 

5058 

60 

4797 

4873 

4949 

,5025 

j  5104 

5181 

5257  ' 

70 

1  5041 

5104 

5166 

5229 

5293 

5357 

5420 

75 

5133 

5190 

5248 

5307 

1  5364 

5423 

5481 

1 

80 

5201 

52.54 

5308 

5363 

^  5417 

5472 

5526 

85 

5242 

5294 

5345 

5397 

t  54.50 

5502 

5554  ' 

Prime  vertical. 

1 

00 

6.  805256 

1 _ 

6.  805307 

6.  805358 

6.  805409 

1  a  80.5460 

6.  805512 

a  805563  ' 

1 

■  A  more  extended  table  will  be  found  appended  to  the  third  eontribution  (Appendix  Xo.  18)  relating  to  hypsometrj'. 
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APPENDIX  No.  1  7. 

OBSERVATIONS  OF  ATMOSPHERIC  REFRACTION— CONTRIBUTION  No.  II. 

DETERMINATION  OF  SEVERAL  HEIGHTS  BY  THE  SPIRIT-LEVEL,  AND  MEASURES  OF  REFRACTION 
BY  ZENITH-DISTANCES,  ALSO  OBSERVATIONS  OF  THE  BAROMETER,  AT  RAGGED  MOUNTAIN, 
MAINE,  IN  JULY,  AUGUST,  AND  SEPTEMBER,  1874,  BY  F.  W.  PERKINS,  SUBASSISTANT.  RESULTS 
DEDUCED  AND  REPORTED  BY  CHARLES  A.  SCHOTT,  ASSISTANT. 

February  23,  1876. 

In  connection  with  the  determination  of  the  heights,  by  means  of  the  spirit-level,  of  several 
trigonometrical  stations  on  the  coast  of  Maine,  a  series  of  special' observations  were  made  for 
amount  and  for  daily  variation  of  the  atmospheric  retraction,  comprising  not  only  the  hours  of  the 
day  but  also  those  of  the  night.  The  zenith-distances  measured  at  Ragged  Mountain  furnish  not 
less  than  227  hourly  determinations  of  the  retraction,  and  along  lines  of  various  lengths  and 
azimuths.  The  meteorological  observations  at  Ragged  Mountain  include  the  atmospheric  pressure, 
temperature,  humidity,  direction  and  force  of  wind,  kind  and  amount  of  clouds,  and  the  condition 
of  the  atmosphere.  Similar  observations  were  made  at  Mount  Desert  and  at  White  Head  Light. 
Ragged  Mountain  is  situated  near  the  ocean,  on  the  west  side  of  Penobscot  Bay.  Its  position,  as 
well  as  those  of  the  other  stations  included  in  Mr.  Perkins’  operations,  is  shown  on  progress  sketch 
No.  4.  The  work  was  conducted  under  special  instructions  given  to  the  observer  by  Assistant  R. 
D.  Cutts. 

The  fiist  series  of  special  observations  for  atmospheric  refraction,  undertaken  by  the  survey, 
was  made  in  California,  near  the  coast,  by  Assistant  Gr.  Davidson  in  1800.  An  account  of  these 
observations,  in  detail,  and  a  discussion  of  the  results  deduced  from  them  is  contained  in  Appendix 
No.  11,  Coast  Survey  Report  of  1871,  reprinted  as  Appendix  No.  16  of  this  report.  The  present 
series  diflers  from  this  in  the  occupation  of  but  one  station,  including  measures  diuing  night,  and 
in  the  use  of  long  lines. 

It  has  been  determined  to  ascertain  by  means  of  the  spirit-level  the  heights  of  a  number  of 
primary  triangulation  stations,  situated  near  the  Atlantic  and  consequently  easily  accessible  from 
tide-water,  to  serve  as  hase-statiom  for  the  determination  of  heights  of  stations  in  the  interior  by 
means  of  the  zenith-distances,  reciprocal  but  non-simulbineous,  which  have  accumulated  during 
the  progress  of  the  work ;  ^and  it  was  principally  with  this  view  that  the  operations  in  charge  of 
Mr.  Perkins  were  undertaken.  We  shall  first  give  the  results  from  spirit-levelings,  next  those 
deduced  from  the  zenith-distances,  and  conclude  with  a  summary  of  the  meteorological  results. 

A.— Results  of  the  operations  by  spirit-level  executed  near  the  entrance  to 

PENOBSCOT  BAY  IN  1874. 

The  Wiirdemann  pivot  spirit-level,  C.  S.  No.  26,  was  used  for  all  the  lines,  and  a  similar  instru¬ 
ment,  C.  S.  No.  21,  was  used  in  1875  in  the  check  leveling  of  a  part  of  the  line  to  Ragged,  which 
was  not  quite  satisfactory  in  the  preceding  year.  Each  line  was  leveled  twice,  in  opi>osite  direc¬ 
tions,  the  difference  in  the  results  amounting  to  a  few^  millimeters.  The  instrument  was  adjusted 
each  day  before  commencuig  operations,  and  at  other  times  when  needed.  Three  readings  of  the 
staff  were  taken,  one  on  each  of  the  three  fixed  threads  in  the  focus  of  the  telescope,  by  which 
means  the  distance  of  the  staff  became  known,  and  corrections  to  the  observed  difference  of  heights 
for  curvature  and  refraction  for  unequal  distances  could  be  applied  ;  the  level  was  read  in  connec¬ 
tion  with  the  pointing  and  a  small  coiTection  applied  when  needed  for  deviation  of  line  of  collima- 
tion  from  horizontality.  The  staves  were  divided  metrically  and  were  of  standard  length.  The 
levels  and  results  are  referred,  by  means  of  tidal  bench-marks,  to  the  half-tide  level  or  mean  surface 
of  the  Atlantic.  This  level  is  capable  of  being  ascertained  with  more  precision  and  in  briefer  time 
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than  either  the  mean  low  or  mean  high  water  level,  especially  in  places  where  the  diurnal  inequality 
of  the  tides  has  a  sensible  value. 

Resulting  heights  above  the  mean  level  of  the  Atlantic. 


Meters.  Feet. 

1.  Tidal  bench-mark  at  Camden  Harbor .  0.046  or  0.15 

Bench-mark  at  Eaton’s  House .  69.849  229.16 

Ragged  Mountain ground .  396.585  1301.14 

cistern  of  barometer .  393.595  1291.33 

vertical  circle  No.  100  .  398.267  1306.66 

vertrcal  circle  No.  37 .  398.275  1306.69 

2.  Tidal  bench-mark  at  Bar  Harbor .  3.155  10.35 

Mount  Desert  A?  ground . . 464.884  1525.22 

top  of  mountain .  465.414  1526.96 

heliotrope .  466.243  1529.68 

cistern  of  barometer  .  468.221  1536.17 

ridge-pole,  hotel .  469.883  1541.62 

3.  Matinieus  West  Light. 

bench-mark  at  light-house .  11.415  37.45 

ridge-pole,  keeper’s  house .  21.595  70.85 

lower  parapet  of  light  house .  25.162  82.55 

focal  plane  of  light .  27.554  90.40 

roof  of  light  house .  28.804  94.50 

4.  OtoVs  Head  Light. 

bench-mark  on  tower .  25.877  84.90 

lower  parapet,  edge  of  black  on  lantern . . .  30.388  99.70 

focal  plane  of  light . . 32.003  105.00 

gutter  of  roof  of  light  house . 33.009  108.30 

5.  White  Head  Light. 

bench-mark  on^tower .  13.535  44.41 

cistern  of  barometer .  18.334  60.15 

ridge-pole,  keeper’s  house .  22.053  72.35 

lower  parapet .  22.435  73.61 

focal  plane  of  light . 24.173  79.31 

roof  of  light  house . 25.087  82.31 

6.  Tenanfs  Harbor  Light. 

bench-mark  on  tower . . .  •  13.510  44.33 

parapet .  19.637  64.43 

focal  plane  of  light .  21.008  68.93 

edge  of  roof  of  light-house .  21.679  71.13 

ridge  pole,  keeper’s  house .  22.273  73.08 


To  the  above  may  be  added  the  height  of  Sebattis  A?  ground,  viz :  243.740  meters  (799.68 
feet),  as  leveled  by  Assistant  G.  A.  Fairfield  in  1872,  who  referred  it  to  the  half-tide  level  of  Mer¬ 
rymeeting  Bay.  I  propose  to  add  0.250  meter  to  refer  the  height  to  the  mean  level  of  the  ocean. 
Height  of  Sebattis  A?  ground  243.990  meters,  and  of  crotch  on  signal,  as  observed  upon  by  Mr. 
Perkins,  255.344  meters. 
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The  geographical  positions  of  these  stations,  derived  from  triangulation,  are  as  follows : 


Latitude.  Longitude. 


o 

/ 

// 

o 

/ 

// 

Ragged  Mountain  A . 

.  44 

12 

44.25 

69 

09 

03.47 

Mount  Desert  A  . - 

.  44 

21 

04.13 

68 

13 

35.30 

Matinicus  West  Light . 

_  43 

47 

01.44 

68 

51 

19.07 

OwPs  Head  Light . 

.  44 

05 

31.04 

69 

02 

38.87 

White  Head  Light . 

.  43 

58 

42.53 

69 

07 

27.52 

Tenant  Harbor  Light . 

.  43 

57 

39.18 

69 

11 

05.68 

Sebattis  A  •  -  . . 

.  44 

08 

36.70 

70 

04 

42.37 

The  apzimutbs  and  distances  from  Ragged  /N  to  each  of  these  stations  are : 

Azimuth.  Distance. 


o 

/ 

// 

Meters. 

St.  miles. 

To  Mount  Desert  A .  * 

.  .  257 

52 

06.55 

75384.39 

=  46.84 

To  Matinicus  Light . 

333 

25 

22 

53190.0 

33.06 

To  Owl’s  Head  Light . 

327 

22 

35 

15867.4 

9.86 

To  White  Head  Light . 

355 

17 

40 

26064.4 

16.19 

To  Tenant  Harbor  Light . 

5 

34 

14 

28063.9 

17.44 

To  Sebattis  A . 

84 

26 

28.00 

74549.37 

46.33 

B. — Results  of  observations  of  zenith  -  distances  at  ragged  mountain  for  the 

MEASURE  OF  ATMOSPHERIC  REFRACTION. 

The  observer  aimed  at  hourly  observations  of  the  zenith-distance  of  one  or  another  of  the 
above  objects;  at  night  a  lighthouse  was  exclusively  observed.  From  July  22  to  August  6 
inclusive  he  used  the  12-inch  Gambey  Vertical  Circle,  C.  S.  Xo.  37 ;  after  this  date,  to  the  close  of  the 
work,  the  lO  inch  Vertical  Circle,  C.  S.  No.  100.  The  observations  were  taken  in  sets  of  five  repe¬ 
titions  of  the  double-zenith  distance,  one  set  just  before  and  another  just  after  each  full  hour:  each 
hourly  tabular  result  thus  consists  of  20  measures  of  the  zenith-distance — corrected  for  want  of 
level,  for  which  there  were  five  complete  readings  to  each  set  for  Circle  No.  100.  Circle  No.  37  was 
kept  level  as  far  as  praeticable.  The  tabular  resulting  zenith-distances  7  are  reduced  for  height  of 
instrument  at  Ragged  Mountain,  also  corrected  when  necessary  for  height  of  object  observed  upon; 
they  are  referred  to  the  triangulation  stations  A  Mount  Desert  and  Sebattis,  and  to  the  focal 
plane  of  the  hghts. 


RestiUing  zenith-distances  observed  at  Ragged  Mountain  in  1874. 


MOUNT  DESERT,  ^  =  90o  13'  + 

July 

August 

1 

September 

Hour. 

22 

23 

31 

3  4 

' 

5  25 

' 

26 

1 

8' 

12 

n 

„ 

/• 

n  \  II 

II  1  II 

11 

« 

II 

II 

5  ft  m 

50^ 

42^ 

46. 1  . 

6  a.  m.. 

15.8 

45.7 

37.7 

56. 3  '  32. 3 

16.6  ' 

4a  0 

46.5 

45.2 

7  a.  m. . 

07.9 

34.1 

29.3 

52.1  2^.5 

23.3 

42.9 

32.8 

34.7 

44. 0 

36.3 

45.  4  36.  5 

24.9 

64.7 

36.5 

29.0 

30.4 

41.  5 

58. 8  47. 4 

39.8 

77.8 

56.7 

62.0 

47.  0 

58.  1 

71. 3  56.  0 

83.1 

75.8 

70.3 

U.1 

56.  6 

.  72. 6 

68.2  65.3 

' 

83.0 

77.6 

73.0 

^  Noon 

1 

37. 3 

55.  2 

*  .  67. 1 

65. 7  68. 4 

84.2 

80.0 

73.6 

1 

42. 4 

44.  8 

.  69. 8 

66.  6  66. 4  1 

83.2 

1  78.8 

74.2 

1  A  p.  Ul.  . 
O  Yfc  Til 

1 

43. 8 

50.  6 

I 

^  65-4 

.  57.9 

75.7 

75.6 

^  P*  lli* 

3  p.m.. 

. j 

40.  0 

46.  8 

67.  6 

.  41.9 

75.4 

^  73.3 

38.  5 

21. 2 

63.  8 

.  43.8  ’ 

' . 1 

1  7L3 

p.  m.. 

29.  9 

10.1 

’  60.8 

.  33. 8 

'  68.1 

6^  m 

33.2 

70. 3  i  59. 6 

........  13.8 

<0.4 

67.2 

p. 

44.1 

67.1  '  64.8 

1 

. 1 

p.m.. 

1 
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Resulting  zenith-distances  observed  at  Ragged  Mountain  in  1874 — Continued. 


MATIXICUS  WEST  LIGHT,  ^  =  dO®  35'  + 
August 


3  a.  m .  20. 0 


6  p.  m . 

7  p.  in  . . 

8  p.  m . .  18.  8 

9  p.  m .  -  23.  0 

10  p.m..  22.2 

11  p.  in  .  31.  9 


OWL’S  HEAD  LIGHT,  <  =  91°  22'  + 


Aug.  ^  S^'pt. 


September 


20  22 

1 

23 

7 

* 

// 

»/  // 

-02. 9  . 

U 

40. 1 

n 

// 

19.5 

i 

+  11.2  . 

44.  3 

08.6 

407.7  . 

40.2 

14. 1 

-03. 2  . 

52. 1 

* 

14.5 

24.  5 

1 

47.4 

12. 1  ! 

22.0 

. 1 

1 . 

53.  9 

1 

02.4 

. ■  40.2 

34.7 

1  1 

-02.  8 

. .  49. 1 

31.7 

. 1 

-00.9 

.  49. 9 

27.7 

'  ...j 

;-i3. 9 

.  53. 6 

1 . 

29.  5 

i 

1 

WHITE  HEAD  LIGHT,  <  =  90°  55'  + 


September 


27  30  :  29 


1-1-02.2  IfOl  3  . -23.4  4-10.7 


19.5  I . 


-22.1  ; . -20.2  -1-00.8 

. :  20.  5  . 


TENANT’S  HARBOR  LIGHT,  ^  =  90°  52'  SEBATTIS,  <  ==  90°  23'  + 

I  August  I  September  I  Sept. 


1  t 

22  1 

■ 

2*5 

■  7  ' 

1  " 

"  "  ,1 

1  : 

. -01.4 

i  17.1  28.7 

_ '  27.3  !  . . 

' .  32.9 

i . ' 

i  ‘  '  ■ 

:  22. 0  36. 4  t 

43.5  . 

1 . 'll 

10  a.  m..| . : . I . 

11a.  m.  1 . 1 .  43.7 

Noon  .  . . . 

1p.m.. . ' .  41.2 

2p.m..! . I . I . 

4  p.m..  1 .  41.6  1 . 

5  p.m.. 1 .  40.0  I  29.1 

6  p.  m .  35.  0  - ... 

7  p.m..  I . I  28.2  I . 
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The  most  direct  method  of  testing  these  observations  and  of  deducing  from  them  the  coeffi¬ 
cient  of  refraction  is  to  compute  the  true  zenith-distances  Z  at  Ragged  Mountain,  as  if  no  refraction 
existed,  and  to  compare  therewith  the  observed  zenith-distances  C,  which  gives  the  value  of  m  by 
a  simple  relation. 


Let — 

Z  Z'  be  the  true  zenith-distances  in  case  of  no  refraction ; 

H  H'  the  known  heights,  by  spirit-level,  of  these  two  stations ; 

8  p  V'  the  length,  radius  of  curvature,  and  angle  subtended  of  the  arc  of  a  great  circle  join 
ing  the  stations  respectively;  then — 


J  (Z'  +  Z)  =  OQo  +  i  •// 

:  J  ,Z'  -  Z)  =  *an-.  1  _  5:^  _  j  ) 


also  m  =  -  ^  and  m  = - 

iff  ip 


With  our  data  and  the  relation  »/' 


we  compute  the  following  zenith-distances  Z  at 

P  arc  -L 


Ragged : 


True  zenith-distance  Z  to  Mount  Desert . . 

True  zenith  distance  Z  to  Matinicus  Light . 

Tnie  zenith-distance  Z  to  Owl’s  Head  Light.  . . , 

True  zenith-distance  Z  to  White  Head  Light _ 

True  zenith-distance  Z  to  Tenant’s  Harbor  Light 
True  zenith-distance  Z  to  Sebattis . 


o 

/ 

// 

90 

17 

10.3 

90 

38 

12.1 

91 

23 

15.9 

90 

56 

09.3 

90 

53 

35.0 

90 

27 

06.4 

Correction  of  observM  zenith-distances  for  local  deflection  of  the  plumb-line. — The  preceding 
geodetic  computations,  being  based  upon  an  assumed  ellipsoidal  figure  of  the  earth,  refer  to  the 
geodetic  zenith,  whereas  the  observed  zenith-distances  refer  to  the  disturbed  or  astronomical 
zenith,  the  same  as  the  observations  for  latitude  and  azimuth  made  at  Ragged  in  connection  with 
the  triangulation.  Referring  for  further  explanatio:i  to  t'oast  Survey  Report  for  1869,  Appendix 
No.  7,  we  have — 

J  =  astronomical  minus  geodetic  latitude  =  —  .90  r.  0  .04,  deflection  in  the  meridian, 

J a  =  astronomical  minus  geodetic  azimuth  =  —  0".si  f-  0  deflection  in  azimuth; 

hence  deflection  of  the  zenith  in  the  plane  of  the  prime  verticjil 

Jpv  =  —  Ja  cot  ip  =z  +  ^  .s.> 

and  total  deflection  of  the  zenith 

JZ  =  ^(.90f  +  (.8;i)-^  =  1".22 

and  the  azimuth  of  the  disturbed  zenith  is  a,  =  42^.7  nearly*.  The  correction  to  the  observ'^ed 
zenith-distance  is  found  by  1".22  cos  e,  the  angle  e  being  known  from  the  azimuth  a,  and  the 
azimuth  of  each  line.  We  have  correction  to  observed  zenith-distance — 


// 

Z  of  Mount  Desert .  .  =  —  1.0 

of  Matinicus  Light . - .  -f  0.4 

of  Owl’s  Head  Light.  . . . .  -f  0.3 

of  White  Head  Light . - .  -f  0.8 

of  Tenant’s  Harbor  Light .  +1.0 

of  Sebattis .  +0.9 


Instead  of  applying  these  corrections  directly  to  each  Z  it  was  more  convenient  to  apply  them 
with  their  signs  reversed  to  their  respective  Z  as  computed  above.  This  being  done  the  following 
table  of  resulting  values  of  the  co  efficient  m  was  obtained : 

*  In  this  case  the  disturbed  zenith  is  to  the  southward  and  westward  of  tlie  geodetic  or  undisturbed  zenith  at 

Ragged. 
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Resulting  coefficient  of  refraction  from  ohservations  of  zenith-Mstances  at  Ragged  Mountain^  coast  of 

Maine j  in  July,  August,  and  September,  1874. 


Digitized  by  ^ooQie 


THE  UNITED  STATES  COAST  SUEVEY. 


361 


The  combiuatioii  of  the  foregoing  tabular  results  of  the  coeftieieiit  of  refraction  to  a  systematic 
series,  showing  the  law  of  the  daily  variation,  is  a  matter  of  some  ditticnlty,  considering  the  broken 
character  of  the  individual  daily  series,  and  the  fact  that  the  day  observations  are  but  very  slightly 
(M)iinected  with  the  niglit  observations. 

Ill  the  tirst  place,  we  recognize  the  fact  that  the  refraction  varies  or  may  vary  more  from  day  to 
day — though  frequently  it  may  be  nearly  constant  for  days  or  weeks,  showing  either  a  normal,  an 
extremely  high,  or  an  extremely  low  value — ^tlijiu  the  amount  of  the  ordinary  range  of  the  diurnal 
vsniation.  Thus,  on  July  21  and  30,  the  refraction  was  less  than  one-half  its  normal  value,  yet 
clearly  exhibiting  the  daily  variation,  whose  range  ordinarily  amounts  to  about  one-third  of  the 
mean  value  of  the  coefficient.  We  may  thus  couceiv^e  our  problem  to  be  as  follows:  The  scatterexl 
hourly  values  on  each  day  present  a  portion  of  the  daily  v  ariation,  more  or  less  conforming  to  the 
mean  type,  yet  collectively  either  above  or  below  it,  and  requiring  an  index-correction  to  bring 
them,  as  it  were,  to  the  proper  av^erage  level.  To  do  this  strictly  we  have  to  comiiare  the  hourly 
results  of  each  day  with  the  corresponding  results  of  evwy  other  day,  and  from  the  combination  of 
all  these  compi:unsons  to  deduce  that  system  of  differences  or  index  corrections  to  ejich  day,  which 
is  found  by  application  of  the  method  of  least  squares.*  However,  on  account  of  the  irregularity 
and  loose  connection  of  our  individual  series,  nothing  more  than  a  close  apiiroximation  to  this  most 
probable  result  is  needed.  It  was  effected  as  follows:  The  six  most  complete  series  between  the 
hours  6  a.  in.  and  6  p.  m.  were  united  to  a  mean ;  to  this  mean,  series  were  referred  by  means  of 
differences,  and  then  incorporated  with  it  ev'ery  other  series  successively  in  the  order  of  length  of 
daily  series.  This  produced  the  first  approximate  series,  in  which  211  values  were  used.  It  only 
served  for  ascertaining  the  final  index-coiTection  for  each  day.  A  table  of  differences  was  formed 
by  conijiariiig  e\  ery  observed  value  with  its  corresponding  value  in  the  approximate  series,  and  the 
mean  of  the  differences  on  each  day  gave  tlie  index-correction  to  all  the  observations  on  that  day. 
After  applying  these  corrections,  the  respective  hourly  means  were  taken.  In  the  following 
table  column  I  contains  the  reference  to  the  hours  ;  column  2  contains  the  approximate  series  of  the 
values  of  refriiction  ;  column  3  the  mean  systematic  series ;  column  4  the  number  of  days  of  obser¬ 
vations  for  each  hourly  value ;  and  columns  5  and  0  the  final  results  of  the  daily  variation  of  the 
mean  coefficient  of  refraction  deduced  from  our  observations.  The  difference  between  the  values 
of  columns  3  and  5  is  constant  and  ecpial  to  —  (1.0008,  and  reduces  the  systematii*.  series  to  vmlues 
which  would  have  been  found  had  our  observations  suffered  no  break.  It  was  found  by  first  inter¬ 
polating  values  for  7  a.  m.  for  those  days  when  observations  were  wanting  at  that  hour  by  means 
of  all  other  observations  on  each  day  and  the  known  hourly  v-ariation  of  the  refraction.  The  mean 
of  27  values  was  .0836,  which,  compared  with  .0844,  g  iv  e  the  correction  as  stated.  The  next  most 
complete  hour  is  6  a.  m.,  for  which  the  same  result  was  obtained.  Column  6  contains  the  hourly 
difference  from  the  mean  .0840. 


1 

j  Approxi- 
maU)  Heinea 

1 

;  Sy.steraatic 

1  serifft. 

Final 

Dftilv  vari- 

1 

Daily  vari¬ 
ation  of 
coi+liciont. 

Uour. 

n. 

seritss  of 

m. 

ation  of 
coefticioiit. 

'  Hour. 

Approxi¬ 
mate  fterica. 

Syatomatic  , 
fterieft.  | 

i 

n. 

sorieft  of 

'  Miibiight 

.0988 

5 

.0980 

+  .01.31 

Noon  . . . 

.0717 

.  0721 

12 

.0713 

-.0136 

1  ».  Ill  . . 

.0904 

.0970 

5 

.0962 

+  .0113 

1  p.  m . . 

.  0712 

.  0717  , 

12 

.  0709 

-. 0140 

2  ft.  m  . . 

.0974 

.0980 

5 

.0972 

+  .0123 

2  p.  m . . 

.0730 

.  0733  * 

10 

.  0725 

-.0124 

.3  ft.  ra  . . 

.0901 

.0907 

5 

.0959 

+  .0110 

3  p.  m . . 

.0726 

.  0730 

10 

.  0722 

-.0127 

j  4  a.  m  . . 

.0i»88 

.  0998 

3 

.0990 

+  .0141  ' 

4  p.  111. . 

.  0756 

.  0761 

10 

.  0753  , 

-. 0090  , 

1  5  ft.  m  . . 

.0894 

.  08.54 

5 

.0846 

-.  0003  1 

5  p.  lu . . 

.0801 

.  0807 

10 

.0799 

-. 0050 

'  6  a.  m. . . 

.0823 

.0836 

19 

.  0828 

-.0021 

6  p^  III . . 

.0849 

.0818 

12 

.  0810  1 

-.0039  1 

7a.ra.- 

.  0852 

.0844 

20 

.  08.36 

-.  0013  1 

7  p.  Ill . . 

.0867 

.  0861 

7 

.  08.5:1  , 

+.  0004  1 

8  a.  m  . . . 

.0800 

.0804 

16 

.0796 

-.005,3  j 

8  p.  III. . 

.  1(KI3 

.0999 

6 

1  .0991  1 

4 . 0142 

9  a.  m  . . . 

.0745 

i  .0747 

14 

.  0739 

-.0110  1 

9  p.  Ill . . 

.  1006 

'  .  0997 

5 

.  0989 

+.0140 

10  a.  m  . . 

.0714 

.0714 

12 

.  0706 

-.0143*  1 

10  p.  111.. 

.1016 

1  . 1007  1 

5 

'  .0999  1 

+  .0150t 

11  a.  m  . . 

.0714 

.0715 

13 

.0707 

-.  0142 

1 

11  p.  ni.. 

.1013 

.1004  ' 

5 

j  .0996 

+  .0147 

*  Minimum.  tMaximiim. 


*  The  methoil  i.s  worked  out  and  nmnerieally  illustrated  iii  .an  application  to  certain  long  series  of  observations  of 
temperatui'e  with  a  view  of  deducing  a  law  of  secular  variation,  in  the  “  Smithsonian  Contributions  to  Knowledge,  No.  277. 
Tables,  &c.,  of  Atmospheric  Temperature  in  the  United  States,  &c.,  by  C.  A.  Schott,  Washington,  March,  1H75,”  p.  .302. 

S.  Ex.  37 - 46 
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Referring  to  the  aeconipanying  diagi*ain,  showing  the  final  values  of  w,  as  observed  at  Ragged 
Mountain,  it  will  be  seen  that  we  may  note  the  following  conclusions : 

Daily  variation  of  the  coefficient  of  refraction^  from  observations  at  Raggeel  Mountain^  Me,j  July, 

August j  and  September ,  1874. 


.  1100 
.1060 
.1020 


.0900 

.0860 

.0820 

.0780 

.0740 

.0700 


Tlie  daily  variation  of  the  atmospheric  refraction  is  systematic;  it  is  least  in  amount  about 
10  a.  m.  and  greatest  in  amount  about  10  p.  m. ;  it  is  nearly  constant  and  small  from  tlj  a.  m.  to  3 
p.  m.,  during  w  liich  period  of  the  day  vertical  angles  for  hypsometric  purposes  may  be  made  with 
the  greatest  advantage,  and  wiienever  accuracy  is  desired  they  should  be  confined  to  this  interval ; 
it  is  nearly  constant  and  large  from  8  p.  m  to  4  a.  m. ;  the  night  hours  are  therefore  not  suitable  for 
observations  of  heights  by  vertical  angles.  Between  4  a.  m.  and  9,}  a.  m.  the  refraction  is  rapidly 
declining,  as  may  be  noticed  by  the  gradual  apparent  sinking  of  distant  objects  toward  and  below^ 
the  horizon ;  the  reverse  is  the  case  between  tlie  hours  fr.m^  3  p.  m.  to  8  p.  m.,  when  these  objects 
gradually  make  their  appearance.  For  questions  as  to  intervisibility  of  distant  objects,  as  for 
instance  in  reconnaissances  for  triangulatioiis  of  the  first  order,  the  morning  hour  after  tw  ilight  and 
the  evening  hour  preceding  it  are  those  which  the  observer  should  select. 

Comparing  the  results  at  Ragged  Mountain,  on  the  Atlantic,  with  those  at  Bodega  Head  and 
Ross  Mountain,  on  the  Pacific,  w^e  find  them  to  run  parallel,  10  a.  m.  being  the  hour  of  minimum 
refi'action,  but  the  low  value  continuing  a  little  longer  on  the  western  coast  stations,  viz,  liom  9  a 
in.  to  4  p.  m.  That  m  is  lound  larger  at  Bodega  Head  and  Ro^s  Meiiiitain  than  at  Ragged  Moun¬ 
tain  is  simply  an  accidental  circumstance,  cAisthig  duiiiig  the  five  da^s  of  obhcivatiim  at  th(  foimer 
stations. 

To  ascertain  the  effecd  of  small  errors  in  h  the  dift'erence  of  level,  in  s  the  distance,  and  in  C  the 
observed  zenith-distance,  on  the  computed  value  of  w,  we  make  use  of  the  formula — 

h^8  cot  C  +  ^  ^  ^  ~  - 

J/?  •  P 

which  by  differentiation  becomes — 

d7n  =  dh^  ^2  r ^  ^ - 

8^  \  s  /  8  sim  C 

For  the  line  Ragged  to  Mount  Desert  these  coefficients  become* 

dm  =  -  .00112  dh  +  .000007  d8  -  .00041  d: 


*  ri;e  last  term  has  to  be  multipUed  by  arc  1”  since  C  is  expressed  in  seconds. 
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If  we  suppose  dh  =  0“.l,  ds  =  1™  and  d^  =  2"  we  at  once  see  the  great  accuracy  with  which  the 
various  values  of  m  have  been  found.  An  error  in  C  is  the  one  most  to  be  feared  and  for  short  lines 

the  term - ^  d^  becomes  predominant;  thus  in  the  distance  to  Owl’s  Head  Light,  nearly  16 

kilometers  or  about  10  statute  miles,  an  error  of  but  V‘  in  the  observed  zenith-distance  produces 
an  error  of  0.0020  in  the  deduced  coefficient  of  refraction;  the  values  of  m  derived  from  this  short 
line  are  not  entitled  to  as  much  contidence  as  other  values  depending  on  longer  lines. 

To  indicate,  in  general,  the  condition  of  the  atmosphere,  a  table  of  meteorological  observations, 
at  noon,  is  herewith  appended  for  each  day  on  which  the  refractive  power  of  the  atmosphere  was 
measured. 

Meteorological  ohservationf^  Ragged  Mountain. 


I  t  Atmos- 

Tempeni- 

:Diff. 

Wind. 

Clouds. 

1874. 

phcric  pre«- 

ture  of  air. 

Dry  —  wet 

Appearance  of  sky. 

1  sure  in 

bulb. 

inches. 

Fall. 

Fah. 

(tnic). 

Force. 

Kind. 

.\mount. 

o 

o 

July  22 

(.086) 

1 

28.  668 

70.2 

5.4 

X.  X.  W. 

1 

Ci.-Cu . 

3 

Hazy. 

23 

.088 

1  .735 

74.0 

7.6 

s.  s.  w. 

1 

0 

Do. 

27 

.032 

.  622 

65.4 

2.0 

s.  w. 

2 

Cu  . 

8 

Do. 

30 

.025 

1  .437 

64.4 

2.4 

X.  w. 

2 

Cu . 

4 

Hazy  a.  m.,  clear  p.  m. 

31 

.081 

.588 

72.8 

4.1 

s.  s.  w. 

1 

Ci.-Cu . 

7 

Hazy. 

Aug.  3 

(.963) 

.451 

.58.4 

5.2 

X.  w. 

2 

Cu . 

3 

Clear. 

4 

.076 

1  .659 

58.  2 

1.4 

X.  w. 

1 

Cu  . 

9 

Do. 

5 

.070 

.772 

68.0 

3.8 

X. 

2 

Cu . 

5 

Hazy. 

6 

(.  066) 

1  .659 

64.3 

3.2 

X.  w. 

1 

Cu . 

5 

Slightly  hazj*. 

19 

(.086) 

1  .815 

64.5 

5.6 

X.  w. 

1 

3 

Clear. 

( Ci.-Cu —  5 

20 

(.  084) 

.516 

60.  6 

0.  9 

w.  s.  w. 

2 

Fog. 

22  , 

(.058) 

.508 

61.8 

4.7 

X.  X.  w. 

1 

^  Ci.-St  —  > 

4 

Clear. 

1  Ci.-Cu  ...  > 

1 

c  Ci.-St . . . .  > 

23 

(.064) 

.660 

58.7  > 

4.5 

w. 

1 

{cu . } 

6 

Do. 

24  1 

.053 

1  .603 

61.8  1 

5.7 

X.  X.  E. 

1 

Ci.-Cu . 

2 

Do. 

cCi.-St....  1 

1 

1 

25  1 

.075 

.892 

63.7 

5.6 

S.  E. 

1 

Icu.-St....  1 

1  7 

1 

Very  smoky. 

26  ; 

(.  084) 

.923 

6,5.  2 

6. 1 

E. 

1 

Ci.-Cu . 

1  ^ 

Do. 

1 

1 

1 

68.0  ^ 

c  Ci.-Cu _ > 

'  27 

(.0a5) 

.868 

7.1 

S.  S.  E. 

1 

L,.  o  e 

6 

Do. 

1  1 

t  Ci.-St....  > 

1 

1 

28  ' 

(.  096) 

.788 

71.8  1 

6.4 

E. 

1 

Ci.  Cu.-St... 

1  ^ 

Smoky. 

1  29  1 

(.  085) 

.677 

6,5.0 

.5.9 

E.  S.  E. 

1 

Ci.  Cu.-St. . . 

8 

Do. 

Sept.  1 

.069 

..549 

63.8  1 

8.4 

W.  X.  W. 

2 

Ci.  Cii.-St. . . 

1  ^ 

Hazy. 

2 

.  0.56 

.604 

62.8  , 

4.8 

X.  X.  W. 

2 

Ci,  Cu.-St. . . 

1  ^ 

Slightly  hazy. 

3 

(.  078) 

.503 

68. 9  ' 

5.  7 

W.  S.  W. 

2 

'  Ci  . 

1 . 

'Very  smoky. 

5 

(.093) 

.964 

62.9  1 

3.6 

S.  W. 

2 

Ci.  Ci.-St  ... 

1  4 

Do. 

7 

(.  067) 

.472 

63.6 

3.5 

X.  w. 

2 

“  Ci,  Ci.-St  .. 

8 

Smoky. 

8 

o 

o 

.564 

63.7  1 

3.9 

X.  X.  w. 

1 

Cu . 

i  ® 

Clear. 

9 

(.  063) 

.769 

61.2 

1.9 

E. 

1 

Ci.  Cu.-St  .. 

6 

Hazy. 

12 

.073^ 

^  .780 

60.2  1 

,5.3 

X. 

1 

Ci.  Cu.-St... 

3 

Clear  a.  m.,  hazy  p.  m. 

Mean .  - 1 

.071 

'  28.668 

64.5 

4.6 

. ! . 

*  Values  between  parentheses  are  interpolat^nl  from  observations  at  other  110111*8  and  known  daily  variation, 
t  Mercury  at  Fahrenheit. 

I  Correctcul  for  index-differenw’*  of  the  two  theniionietera. 


It  does  not  appear  that  any  of  these  meteorological  observations  have  any  but  a  remote  rela¬ 
tionship  to  the  observed  amount  of  refraction;  the  rate  of  cliange  of  temiierature  with  altitude  on 
which  the  amount  of  refraction  in  a  great  measure  depends,  is  not,  in  fact  included,  nor  can  the 
tenijierature  of  the  intervening  stratum  of  air  be  made,  directly,  a  matter  of  observation.  Tliere 
is  no  marked  feature  in  the  meteorological  record  on  July  27  and  July  30,  at  which  time  the  refrac¬ 
tion  was  remarkably  small,  most  probably  due  to  a  rapid  diminution  of  temperature  with  height; 
it  is  noted  that  the  clouds  were  low.  It  seems  probable  that  the  refraction  is  smaller  with  westerly 
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and  (freater  tliaii  the  averajjfe  ainoinit  with  easterly  winds;  this  may  be  explainenl  by  a  more  equable 
distribution  of  tem[)erature  aeeoinpanying  easterly  winds,  wliereas  during  the  prevalencti  of  westerly 
winds  the  higher  strata  of  the  air  are  cooled  more  raphlly.  In  geiu*ral,  refraction  is  greater  the 
greater  the  atmos|)hei’ic  j)ressure  and  the  lower  the  atinosj)heric  temperature. 

The  results  of  two  short  series  of  meteorological  observations  simultaneous  with  those  taken  at 
Ragged  Mountain  are  appended;  one  at  Mount  Desert,  the  other  at  White  Uead  Light.  These 
observations  refer  to  noon  and  the  results  are  corrected  for  index-errors  of  instruments;  the 
temj)erature  of  the  mercury  of  the  barometer  is  at  Fahrenheit. 

MeiearoUxjical  ohserratlons  at  Mount  Desert, 


Wind. 

('londs. 

Atnio«- 

Temp. 

Dr  V— wet 

Ajipeamnce 

1874. 

m. 

pi  j  eric 

Full. 

bulh. 

of  skv. 

pressure. 

Direction. 

Force. 

Kind. 

Amount. 

Inches. 

o 

o 

Aiip.  23 

(.OIH) 

28.412 

.58.  I 

5.  5 

W.  S.W. 

1 

St  . 

9 

Clear. 

24 

.O.kJ 

..338 

.59.  7 

7.7 

W. 

1 

Cu . 

3 

Hazy. 

2r> 

.075 

.a'U 

.58.8 

7.4 

X.  E. 

1 

9 

Fo;:.  hazy. 

2H 

(.084) 

.  606 

59.9 

.5.3 

X.  E. 

1 

Cu . 

3 

Very  hazy. 

27 

(.08.-.) 

.  009 

62.  4 

5.7 

E. 

1 

('i.-cu  ... 

10 

Do. 

28 

(.096) 

.;543 

64.9 

7.3 

N.  £. 

1 

Ci  . 

8 

Do. 

29 

(.085) 

.428 

a3.  6 

4.4 

E.  S.  E. 

1 

Ci.'St.,  cu 

10 

Do. 

Sept.  1  1 

.069 

.252 

62.  5 

9.2 

W. 

2 

Ci.-cii - 

9 

Clear. 

Meteorologieal  observations  at 

White  Head  Light, 

Sept.  7 

(.067) 

29.  752 

69.0 

7.1  ! 

X. 

1 

Ci.-cii 

7 

Clear. 

8 

.070 

29.  859 

64.1 

4.0 

W. 

1 

Cu.-8t _ 

9 

Do. 

9  1 

.063 

30.  088 

60.7 

2.4 

s. 

1 

Cu . 

3 

Do. 

1  12 

.073 

30. 112 

.56.  0 

3.8 

N.  E. 

1 

Ci.-cu  . 

3 

Do. 

C. — Meteorological  observations  at  ragged  ^ioi  ntain,  at  mot  nt  desert,  and  at 

WHITE  HEAD  LIGHT;  TWO  SHORT  SIMT  LTANEOl'S  SETS. 

In  connection  with  the  investigation  of  the  refraction  the  party  of  8ubassistant  Perkins  secured 
two  short  series  of  hourly  simultaneous  meteorol  >gica]  observations,  one  at  Ragged  Mountain  and 
White  Head  Light,  and  the  other  at  Ragged  Mountain  and  Mount  Desert,  which,  in  part,  have 
already  been  referred  b)  above.  From  these  series  I  ])ro[)ose  to  present  brieriy  the  hypsometric 
results  depending  on  the  observed  heights  of  the  barometric  (‘oluinns.  It  should  be  remarked, 
however,  that  the  daily  meteorological  observations  at  Ragged  Mountain  extend  over  the  whole 
time  the  station  was  occupied — that  is,  from  July  22  to  September  LS,  1874. 

Barometer  Green  No.  2049  was  used  at  Ragged  Mountain,  and  barometer  Green  No.  1937  at 
White  Head  Light  and  at  Mount  Desert ;  they  are  n)(‘rcurial  instruments,  and  to  the  latter  a  ditter- 
ential  index -correction  of  4-0.015  inch  has  been  ai)|)lied  to  make  its  indications  comi)arable  with 
those  of  No.  2049  ;  the  heights  of  the  mercurial  columns  are  reduced  to  the  temperature  of  32°  Fah. 
The  readings  of  the  thermometers  are  corrected  for  small  errors  of  graduation.  The  tabular  num¬ 
bers  for  August  20,  0  a.  m;,  at  Ragged  IMountain,  are  interpolations. 

The  mean  values  from  eight  days’  observations  show  a  pressure  maximum  between  9  and  10 
a.  m.  and  a  pressure  minimum  about  4  i).  m.  The  temperature  of  the  air  as  well  as  the  dirterence 
between  the  readings  and  the  dry  and  wet  bulbs  is  greatest  between  the  hours  1  and  3  ]).  m. 

The  hourly  values  for  ditlerences  of  height  are  computed  by  Dr.  Ruhlmann’s  formula,  and  they 
are  compared  with  the  true  dilference  of  height  as  determined  by  means  of  the  spirit-level,  viz : 

Surface  of  cistern  of  mercury  of  barometer  at  Ragged  Mountain  above  that  of  barometer  at 
White  Head  Light  375.201  'meters,  and  surface  of  mercury  at  Ragged  Mountain  below  that  at 
Mount  Desert  74.020  meters, 
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R^-gged  Mountain  and,  White  Head  Light. 


BAROMETRIC  PRESSCRE.  • 


1 

Sept.  7.  j 

Sept.  8. 

Hour. 

Station. 

1  1874. 

Inches. 

Inches. 

6a.  m. . 

1  r  Ragged  Mtii . . . 

.511  i 

.536 

,  \  White  Head  Lt. 

.804 

.849 

7a.  m. . 

1  f  Ragged  Mtn  . . . 

.496 

1  .  .551 

<  White  Head  Lt. 

.798 

.  856 

8a.ra. . 

i  r  Ragged  Mtn  .. 

.498 

.550 

t  White  Head  Lt. 

.794 

1  .871 

9  a.  m. . 

1  e  Raggeil  Mtn  . . 

.495 

’  ..560 

<  White  Head  Lt. 

.795 

.874 

10  a.  ra. . 

I  (  Ragged  Mtn  . . . 

.493 

1  .  .552 

t  White  HeadLt. 

.783 

.  862 

11  a.  m.. 

1  r  Ragged  Mtn  . . . ' 

.464 

1  .564 

<  White  Head  Lt. 

.760 

1  . 8.59 

Noon. . 

^  r  Rag'gfKl  Mtn  . . . 

.472 

..564 

|t  White  Head  Lt.i 

.752 

1  . 860 

1  p.  m . . 

r  Ragged  Mtn.. 

.475 

'  .  573 

1  <  White  Head  Lt. 

.756 

.866 

2  p.  m . . 

r  Ragged  Mtn 

.472 

.569 

<  White  HeadLt. 

.763 

.  8.56 

3p.  m.. 

j  f  Ragged  Mtn  . . 

.467 

,562 

li  White  HeadLt. 

.769 

.861 

4p.  m.. 

e  RaggiKl  Mtn  . . 

.468 

.  577 

'  i  White  HeadLt. 

.771 

.866 

r  Ragged  Mtn  . . . 

.472  1 

j  .  .595 

5p.  m . . 

1  White  Hoad  Lt. 

.781  ' 

.899 

6  p.  ni . 

c  Ragged  Mtn  . . 

.496 

1  .607 

t  White  Head  Lt. 

.801 

.913 

Sept.  9.*  j  Sept.  10.  i  Sept.  11.  j  Sept.  12, 
28  iiiehes  f- 

Itiches.  Inches,  i  Inches.  Inches. 

.  746  .  .544  .  .  734 

1.062  .  864  I  .842  1.083 

.749  ..539  I  ..516  |  .7,54 

1.07.5  .  854  J  .821  1.093 

.  764  .  .529  I  .  .52.5  . 770 

1.086  .  822  .  849  1.105 

.  772  .  ,5.33  .  .538  .  774 

1.108  .  823  .  839  1.113 

.779  .  531  I  .541  .784 

1.096  .810  .838  1.118 

.770  ..526  .512  .781 

1.095  .  806  .  820  1.113 

.769  .502  ..527  .780 

1.088  .779  .815  1.112 

.754  .473  ..525  .787 

1.081  .756  .814  1.110 

.750  .  453  .  513  '  .  788 

1.069  .  727  .  806  1  1.112 

. 738  .  449  .  522  '  .  790 

1.074  .706  .805  I  1.114 

.  725  .  448  .  .512  .  795 

1.039  .698  .817  I  1.115 

.  714  .  463  .  548  I  .  810 

1.034  .  718  .  836  |  1.126 

.718  .  472  .  575  .  .823 

1.028  .745  .863  I  1.141 


1  Sept.  14. 

Sept.  1.5. 

Mean  pres-sure  at 

R.  Mtn.  W.  H.  Lt. 

j  Inches. 

Indies. 

Inches.  Inches. 

.900  1 

1  . 818 

28.  666 

1.  248 

1.  155 

29.  988 

1  .906 

.  823 

.667 

1. 252  1 

1.  157 

.988 

.906 

.  825 

.671 

1  1. 2.57  , 

1.  157 

.993 

.914  1 

.824 

.676 

1. 262  t 

1.  159 

.997 

.  921 

.  820 

.678 

1  1. 263  1 

1.  152 

.990 

.909 

.  817 

.668 

1  1. 245 

1.  1.50 

.981 

.907 

.816 

.667 

1  i,2.5;i 

1.  1.39 

.  975 

.909  1 

.806 

.663 

1. 242  i 

1. 127 

1  .969 

.896 

.797 

.  655  1 

1  1. 237 

1. 110 

.960 

.  898 

.769 

.649 

1  1. 227  1 

j  1. 080 

.9.55 

.880 

.766  1 

.649 

'  1.215 

1.  076 

.  9.50 

.868  1 

.761 

.6.54 

'  1. 202 

1.  071 

.  958 

1  .865 

1  .749 

.663 

'  1. 199  1 

1.  0,58 

I  .969 

1 

TEMPERATURE  OF  THE  AIR  AND  DIFFERENCE  OF  DRY  AND  WET  BULR  THERMOMETERS. 


Hour. 

t  Station.  Sept.  7. 

Sept.  8. 

Sept 

9. 

1 

.  10. 

SepL  11. 

Sept.  12. 

_ 

.Sept. 

14. 

Sept.  15. 

Mean. 

o 

F. 

o 

F. 

o  p. 

o 

F. 

o  r. 

0 

F. 

0  I 

0 

F. 

0 

F. 

0 

F. 

6  a.  ra. 

(  Ragg«*d  Mtn  . . .  .57.  6 

2.5 

53.  5 

2.1 

53.0 

0.9 

56.0 

1.4 

57.0  6.8 

47.0 

3.2 

1  51.6 

0.9 

55.  7 

0.6 

53.9 

2.3 

1  t  White  Head  Lt.  .57.  6 

1.6 

.55.7 

1.8 

5.5.7 

1.5 

56.9 

0.8 

.59. 1  3.  2 

50.7 

3.4 

I  .55.4 

0.8 

.56.3 

0.5 

55.  9 

1.7 

7  a.  ni. 

^  Ragged  Mtn  .  .57.  5 

2.5 

53.9 

1.9 

.53.6 

0.8 

.58.3 

2.8 

.56.  4  6.  8 

48.8 

.3.4 

,  .52.0 

1.1 

55.8 

0.7 

.54.5 

2.5 

1  White  Head  Lt.  .59.  7 

1.4 

.57.6 

1.7 

.56.4 

1.5 

57.0 

0.9 

58.8  3.3 

52.  5 

6 

1  56.  4 

0.9 

56.9 

1.4 

56.9 

1.  8 

8  a.  Ill . 

f  Ragged  Mtn  .  58. 2 

(  White  Head  Lt.  61.  8 

2.7 

.54.6 

1.9 

.54.3 

0.8 

60.8 

3.4 

.56.0  .5.7 

51.  7 

3.7 

.53.  6 

0.9 

,56.  0 

0.5 

.55.  6 

2.5 

2.2 

59.9 

.3,2 

57.4 

1.7 

.59.  1 

1.4 

.58.9  4.2 

.54.8 

4.9 

*  58.  1 

1.5 

.57.  4 

0.6 

.58.4 

2.  5 

9  a.  ra . 

f  Ragged  Mtn  ..  59.6 

2.9 

.55.6 

1.9 

56.3 

0.  9 

63.0 

3.9 

58.5  6.1 

55.  0 

4.0 

1  .56.  0 

1.2 

.56.  2 

0.7 

.57.  5 

2.7 

1  <  White  Head  Lt.  64. 1 

3.7 

61.9 

4.2 

58. 0 

1.8 

61.1 

3.0 

63.  4  5. 1 

.54.8 

4.8 

58.  5 

1.5 

68.4 

1.0 

60.0 

3.  1 

10  a.  ra. 

f  Raggeil  Mtn  .  61. 6 

2.9 

.57.  8 

1.9 

.58.5 

0.  9 

66.2 

3.5 

61.0  9.6 

.57.  2 

4.3 

.58.  0 

1.4 

.56.  6 

0.6 

59.6 

.3. 1 

<  White  He.nd  Lt.  67.  1 

6.0 

64.9 

5.2 

59.  3 

1.8 

61.7 

2.4 

67.4  11.3 

.54.9 

4.2 

i  .59.0 

1.7 

,58.  8 

1.1 

61.6 

4.2 

1 1  a.  ra . 

^  Ragged  Mtn  . .  62.  4 

3.5 

61.8 

3.0 

61.5 

2.2 

69.0 

3.7 

62.5  11.4 

59.  0 

4.8 

60.0 

1.9 

.57.  0 

0.5 

61.6 

3.9 

1  White  Head  Lt.  69. 4 

6.5 

66.2 

a2 

60.5 

2.3 

62.8 

2.8 

70.7  12.2 

.5.5. 2 

.3.9 

.59.7 

2.  0 

59.  9 

1.4 

63.0 

4.7 

Neon  .. 

r  Ragged  Mtn  6:1.6 

3.  5 

63.7 

3.9 

61.2 

1.  9 

72.0 

;i.4 

64.4  10.5 

60.2 

5.3 

1  61.2 

2.4 

57.  5 

0.4 

63.0 

.3.9 

#  White  Ht‘ad  Lt.  69.0 

7. 1 

64. 1 

4.0 

•60.7 

2.4 

61.7 

2.8  ' 

72. 1  14.  5 

56.0 

3.8 

61.  1 

2.3 

59.9 

1.6 

63.  1 

4.8 

1  p.  ra . , 

^  Ragged  Mtn  .  <13.4 

)  White  Head  Lt.  68.8 

4.  5 

6.8 

64.3 

,  62.8 

4.1 

3.4 

63.4 

61.4 

2.0 

2.6 

74.0 

<12.3 

4.9 

2.9 

66.4  11.0 

1  73.2  17.0 

1  61.7 
.56.  8 

,5.6 

4.  5 

62.0 

60.4 

2.4 

2. 1 

.58.  8 

,59.  5 

0.9 

1.4 

64.3 

6.3.2 

4.2 

5. 1 

2  p.  ra . 

{  Ragged  Mtn  ...  62.  4 

4.2 

65.9 

2.9 

63.7 

1.8 

1  75.2 

7.0 

1  68.2  12.7 

1  62.0 

4.7 

,  62.2 

2.8 

.59.7 

1.4 

64.9 

4.7 

■  i  White  Head  Lt.  68.7 

7.3 

1  61.7 

3. 1 

59.5 

2.3 

63.0 

.3.0) 

73.2  15.7 

.57.  7 

.5.0 

59.6 

2.0 

.59.6 

1.2 

62.9 

.5.0 

3p.  m. 

^Ragged  Mtn..  61.9 

3.7 

66.8 

4.0 

64,0 

1.9 

1  77.0 

8.7 

69.8  11.7 

1  62.0 

,5.  6 

61.8 

2.  5 

60.0 

1.  1 

65.4 

4.9 

c  White  Head  Lt.  66. 1 

.5.6 

62.2 

3.1 

58.4 

2.0 

64.7 

3.0 

1  7:1.9  1.5.8 

>  .59.  0 

.5.3 

.59.  1 

1.8 

.59.2 

1.3 

62.8 

4.7 

4  p.  ra . 

^  Ragged  Mtn  . .  61. 7 

3.9 

62.8 

1.5 

62.9 

2.0 

76.8 

12.8 

1  68.  9  9.  7 

*  61.  5 

5.1 

.59.  5 

2. 1 

'  59.2 

1.4 

64.2 

4.8 

Wliite  Heail  Lt.  67.  0 

6.8 

I  62.2 

2.8 

57.7 

0.7 

64.4 

2.9 

06.7  11.3 

1  60. 1 

.5.3 

58.  6 

1.9 

.58.9 

1.3 

62.  0 

4.  1 

■5p.  m. 

^  Ragged  Mtn  .. .  61.2 

3.9 

I  61.8 

2.3 

61.4 

2.0 

74.0 

10.6 

;  66.6  8.9 

1  60.5 

:i.2 

.58.  0 

1.9 

,  58.5 

0.9 

62.8 

4.2 

■  i  White  Hera!  Lt.  66.  0 

6.5 

62.6 

2.8 

56.4 

1.7 

74.4 

6.2 

j  61.  2  5.5 

j  .56.4 

2.9 

.57. 7 

1.7 

1  ,57.  4 

0.8 

61.5 

3.  5 

6p.m. 

(  Ragged  Mtn  . . .  60. 3 

3.5 

1  60.8 

2.5 

.58.  5 

I 

2. 1 

71.2 

9.8 

'  61.8  8,7 

j  .58.  0 

3.7 

5.5.  5 

1.7 

.58.0 

0.9 

60.5 

4. 1 

f  White  Head  Lt.  63. 4 

5.1 

62.3 

2.7 

55.  4 

1.0 

[  73.1 

9.4 

1  .59.8  2.2 

1  57.3 

0.8 

.57. 1 

1.4 

1  56.7 

0.5 

60.  6 

2.9 
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REPORT  OF  THE  STTPEROfTENDENT  OF 


Fagged  Mountuin  and  Mount  Denert 


•  BAROMETRIC  PRESSURE. 


Station. 

Aug.  24. 

Aug.  25. 

Aug.  26. 

Aug.  27. 

Aug.  28. 

Aug.  29. 

Aug.  31. 

Sept.  1. 

Moan  pressure  at 

Hour. 

1874. 

28  inches  -f- 

Ragged 

Mountain. 

Mount 

Deserts 

I 

Inches. 

InchcM. 

Inches. 

Inehet. 

Inchcg. 

Inches. 

Inches. 

hichei. 

Inches. 

Inches. 

1 

6a.  ni. . 

f  Rag«;e(l  Mtn  . . 

.586 

.  824 

.910 

.891 

.804 

.  684 

.584 

.599 

28. 735 

t  Mount  Desert . 

..319 

.  574 

.062 

.631 

.  .545 

.  435 

.334  • 

.302 

28.475 

7  a.m.. 

f  Ra;:f;etl  Mtn  . . . 

.  .593 

.840 

.930 

.896 

.800 

.  <185 

.587 

.598 

.741 

i  Mount  Desert. . 

.319 

.  .591 

.672 

.640 

..543 

.432 

.337 

.303 

.480 

8  a.  in . 

r  Rii^;:ed  Mtn  ... 

.595 

.  8.50 

.9.31 

.893 

.794 

.686 

.,599 

.,580 

.741 

(  Mount  Desert  . 

.  325 

.601 

.682 

.639 

.  .545 

.445 

.346 

.281 

.483 

9  a.  in 

^  Kagjied  Mtn  . . . 

.<506 

.864 

.942 

.894 

.810 

.09.3 

.  603 

.582 

.749 

(  Mount  Desert . . 

.  327 

.617 

.  695 

.646 

..557 

.434 

.357 

.289 

.490 

10  a.  m  . 

r  Ragged  Mtn  . . . 

.600 

.880 

.943 

.887 

.803 

.  <192 

.604 

.585 

.750 

t  Mount  Desert. . 

.329 

.6:11 

.690 

.638 

.5,50 

.438 

.  3.58 

.275 

.489 

11  a.  Ill . . 

^  Ragged  Mtn  . . . 

.604 

.  893 

.942 

.  875 

.803 

.682 

.603 

.554 

.745 

(i  Mount  Desert . . 

.  328 

.<133 

.671 

.616 

.  ,557 

.  420 

.360 

.262 

.481 

Noon  - 

r  Ragged  Mtn  . . . 

.  603 

.892 

.923 

.868 

.788 

.677 

.594 

..549 

.737 

t  Mouht  Desert . . 

.338 

.634 

.666 

.609 

..543 

.  428 

.:i.54 

.  2,52 

.478 

1  p.  ni . 

^  Ragged  Mtn  .. 

.606 

.892 

.919 

.846 

.792 

.667 

..590 

.530 

.730 

\  Mount  Desert. . 

.  337 

.633 

.650 

.597 

.  .529 

.418 

.344 

.241 

.469 

r  Ragged  Mtn  . . . 

.  609 

.  885 

.  900 

.8:19 

.777 

.653 

.  .585 

.500 

.719 

(  Mount  De.seil. . 

.  342 

.  6:i8 

.641 

.586 

..527 

.397 

.  3.32 

.223 

.461 

3  p.  m . . 

.  Ragged  Mtn  . . . 

.  621 

.876 

.  892 

.833 

.771 

.632 

.579 

.,511 

.714 

t  Mount  Desert. . 

.3.50 

.  633 

.634 

.577 

.,508 

..393 

.  325 

.223 

.455 

4  p.  in . . 

r  Ragged  Mtn  . . . 

.633 

.877 

.879 

.819 

.  7.59 

.641 

.574 

.502 

.710 

, 

t  Mount  Desert. . 

.370 

.<r29 

.625 

.  570 

.,512 

.386 

.318 

.  242 

.456 

5p.  m  . 

^  Ragged  Mtn  . . . 

.647 

.880 

.880 

.815 

.748 

.636 

.574 

.512 

.712 

1 

\  Mount  Desert. . 

.373 

.624 

.  625 

.  ,561 

..504 

.891 

.315 

.237 

.4^ 

6p.m. 

r  Ragged  Mtn  . . 

.659 

.878 

.880 

.820 

.749 

.648 

.568 

.529 

.716 

, 

(  Mount  Desert . . 

.391 

.620 

.626 

.565 

.497 

.  420 

.317 

.253 

.461  1 

TEMPERATURE  OF  THE  AIR  AND  DIFFERENCE  OF  DRY  .AND  WET  BULB  THERMOMETERS. 

1 

^  Hour.  ! 

1  ! 

Station. 

Aug.  24. 

Aug.  25. 

Aug.  26. 

Aiig.  27. 

Aug.  28. 

Aug.  29. 

Aug.  31. 

Sii>t.  1. 

Moan.  ^ 

i  i 

0  F. 

o  F. 

o  F. 

o  F. 

o  F. 

o  F. 

OF. 

0  F. 

o  F. 

o  F.  1 

6a.  m.. 

c  Ragged  Mtn  . 

50.4  2.3 

51.5  3.8 

.51.0  4.1 

54.8  4.2 

.57.8  4.7 

61.0  3.3 

60.0  3.9 

5.3.2  3.9 

5.5.0 

3.8 

i  Mount  Desert  . . 

50.8  1.8 

54.6  6.1 

52.8  .5.3 

.5.5.8  5.9 

,59.8  7.2 

61.6  6.6 

62.  3  4.  4 

.51.5  2.2 

561 

4.9 

7  a.  m . .  I 

f  Raggetl  Mtn  . . 

.51.0  2.7 

.54.0  3.9 

.54.4  3.5 

,55.0  .3.4 

.59.6  ,5.0 

61.2  3.6 

61.8  4.8 

.53.6  3.8 

563 

3.8 

1  Mount  De.sert . . 

52. 3  3.  8 

.55.8  7.0 

5.5.8  5.7 

56.0  5.7 

59. 1  6  4 

60. 1  5.  7 

66.4  .5.8 

.55.0  3.7 

57.6 

5.5 

8  a.  Ill . .  I 

r  Ragged  Mtn  ... 

.53.7  .3.4 

57.4  4.8 

57.6  4.7 

.59.  0  4.  9 

6.5.0  5.9 

63.4  ,3.2 

64.5  5.0 

,56  0  .3.9 

59.  6 

4. 5  1 

(  Mount  Desert.. . 

53. 1  4.  4 

.58.0  8.3 

.58.8  6.1 

,58. 1  .5.  5 

00. 1  6.  2 

63. 7  7.  5 

09.9  7.2 

.57.5  .5.0 

59.9 

6.3 

9a.  in. 

f  Ragged  Mtn  .. 

.56.  4  3.  0 

60.0  4.5 

.59.2  4.6 

63.7  .5.5 

67.0  65 

64.4  .5.1 

66.  4  5.  8 

.58.  0  5. 0 

61.9 

5.1  I 

i  Mount  Desert. . 

.54.8  5.2 

,58.8  7.9 

60.5  6.1 

60.4  6.6 

61.5  6  7 

61.9  4.4 

72.9  7.7 

59.5  6  2 

61.3 

64 

10  a.  ni. . 

^  Ragged  Mtn  .. 

59.  0  4.  1 

62.0  5.7 

<11.7  .5.1 

66.2  .5.3 

69.6  6  1 

64.5  5.9 

68.2  5.4 

60.0  ,5.3 

63.9 

,5.4 

)  Mount  Desert . . 

56.  4  5.  8 

.58.2  5.3 

60.4  5.4 

61.5  6.9 

62.  0  6.  5 

64.0  5.9 

72.2  7.1 

.59.3  4.5 

61.8 

5.9 

11  a.  in . . 

r  Ragged  Mtn  ... 

61.0  4.9 

<12.4  5.9 

6:3.6  5.2 

67.2  ,5.9 

71.4  6  7 

06.0  6.0 

70.  0  5.  2 

62.  0  6. 1 

65.4 

.5.  7 

1  Mount  Desert . 

58.  4  6.  0 

57.8  6.4 

.58.8  4.8 

60.2  6  2 

.58.6  7.0 

60.  1  .5,  5 

72.3  6.1 

61.2  8.1 

60.9 

6.3 

!  Ncmhi  . 

y  Ragged  Mtn  ... 

61.8  5.7 

63.  7  5.  6 

6.5.2  6.1 

68.0  7.1 

71.8  6.9 

65.  0  5.  9 

71.  5  5.  7 

63.8  8.4 

663 

6.4 

1  Mount  Desert. . 

59.  7  7.  7 

.58.8  7.4 

.59.  9  5.  3 

62.  4  5.  7 

64.9  7.3 

<1,3.0  4.4 

72.  2  6.  7 

62.  5  9.  2 

63.0 

67 

1  p.  in . . 

^  Ragged  Mtn  . . 

63.  2  .5. 5 

64.0  6.1 

64.8  .5.9 

68.0  7.2 

71.0  6.4 

66.  5  5.  5 

73.0  6  5 

64.0  6  7 

66.8 

6.5 

t  Mount  Desert . . 

59.  8  7.  2 

.59.9  7.7 

61.  7  5.  8 

63.5  6.9 

61.9  7.2 

64.9  4.4 

73.0  6.8 

62.5  8.9 

63.4 

69 

r  Ragged  Mtn  . . 

64.9  6.7 

64.5  6.2 

66.  0  6.  5 

67.8  6  6 

71.2  6.7 

06.  4  .5.  7 

74.4  6.7 

64.0  8.3 

07.4 

67 

j  p.  in  • . 

t  Mount  Desert. . 

61.  3  8.  4 

61.4  6.9 

61.2  5.7 

60.  7  6.  9 

67.4  7.3 

62.3  ,3.8 

72.  4  7.  2 

59.7  7.5 

63.3 

6  7  1 

1  :ip.in.. 

r  Ragged  Mtn  . . 

63.8  6.2 

64.0  5.9 

65.  5  6.  7 

67.3  6  7 

70.8  6  7 

<14.4  4.7 

74.5  6.9 

6.5.2  8.9 

669 

6.6 

(  Mount  Desert. . 

02.7  7.7 

59.  4  6.  1 

A9. 1  5.  3 

61.0  7.4 

66. 0  6.  6 

62.3  4.9 

71.0  6.3 

.58.7  8.2 

62.  5 

66  1 

^  4 1>.  m . . 

^  Ragged  Mtn  .  . 

63.  8  .5.  9 

63.2  5.8 

64.7  6.0 

65.8  5.7 

69.  6  6  1 

63.6  4.9 

72.8  6.8 

65.2  6  7 

66  1 

6.2  [ 

)  Mount  De.se rt. . 

61.  5  8.  0 

.56.3  6.5 

.58.  8  5.  6 

62.8  7.2 

67.1  7.0 

.56  5  2.9 

68.  4  5.  0 

.5.5.4  6.0 

61.1 

6  0 

j  5  p.  in . . 

.  Itagged  Mtn  . 

62.0  4.9 

60.  8  .5.  4 

<1.3.  0  .5.  5 

62.6  .5.9 

67.  8  5.  8 

63.2  4.6 

71.5  6  6 

63.7  7.5 

64.3 

5.  8 

t  Mount  Desert . . 

60  4  8.0 

.54.  9  7.  1 

59.  4  .5.  3 

.59.9  8.5 

66.  7  6.  1 

57.8  1.4 

65.2  4.6 

.54.3  ,5.4 

,59.8 

5.7 

1 

6p.m. 

.  Ragged  Mtn  . 

.59.8  4.8 

.58.8  4.5 

61.8  6.9 

56  8  .5.7 

<1.5.  2  ^  6.  ,3 

.58.8  ,3.0 

68. 8  6  3 

61.8  6.7 

61.7 

5.  5 

1  Mount  Desert . . 

58.0  5.7 

5.5.2  4.5 

59.  0  4.  5 

59. 1  6  8 

64.4  3.8 

.56.5  1.8 

64.4  4.2 

52.9  4.1 

,58.7 

4.4 
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Kesulting  differences  of  height. 


Hour. 

Ragged  Moun¬ 
tain  —  White 
Head  Light 

E  X  c  e  8  .s  over 
true  h. 

Mean  ob.served 
tern  peniture 
at  stationa. 

Computed  tem¬ 
perature. 

o  .2 

^  3  <9 

S  g  S 

c  .2  ^ 

ce  g 

5-  £  p. 

Apparent  cor* 
re<‘tion  r 

coast  of  Cali¬ 
fornia. 

1  a 
t  o 

P’2 

.h-  tx  . 

g  I'  l  1 

Excess  over 
true  h. 

m. 

m. 

o  p. 

o  Y. 

o  p. 

o 

in. 

VI. 

6a. m  .... 

379. 59 

4.33 

54.9 

49.0 

-  5.9 

76.  57 

1.  95 

7  a.  m  . . . . 

379.94 

4.68 

55.7 

49.4 

-  6.3 

0.0 

77.  09 

2. 46 

8  a.  in  .... 

381. 15 

5.89 

57.  0 

49.0 

—  8.0 

o 

1 

76.  62 

2.00 

9a.  m  . . .  1 

382.24 

6.98 

58.  7 

49.3 

-  9.4 

-5.8 

77.  21 

2.  59 

10  a.  m - 

381.06 

5.80 

60.6 

52.7 

-  7.9 

-7.4 

78.  01 

3.  39 

11  a.  m  ... . 

382.  76 

7.50 

02.3 

52.0 

-10.3 

-8.5 

78.96 

4.34 

Noon  .  .. 

381.  94 

6.68 

63.0 

M.O 

-  9.0 

-8.8 

77.69  , 

3.  07 

1  p.  m _ 

381.95 

6.69 

6:1.7 

54.6 

-  9.1 

-9.9 

78.  42 

3.  79 

2  p.ra _ 

381.90 

6.64 

63.9 

.54.9 

-  9.0  1 

-9.2 

77. 57  1 

2.94 

3  p.  m _ 

382.42 

7.16 

(H.  r 

54,3 

-  9.8 

-8.6 

77. 78  > 

3.15  1 

4  p.  m - 

1  380. 19 

4.93 

63.1 

56.3 

-  6.8  1 

-7.5 

76.11 

1.49 

5  p.  m _ 

380.  34 

5.  08 

62. 1 

55.2 

-  6.9 

-4.8 

77.07 

2.  45 

6  p.  m  . . 

379.  53 

4.27 

60.5 

54.8 

-  5.7 

7.5.89 

1.27  j 

The  rcvsults  by  Riihlinanii’s  formula  are  intermediate  between  those  by  Loomis’  formula  and  by 
Plantaiiiour’s  formula.  Thus  for  11  a.  m.  we  have,  by  L.,  38l‘".57 ;  by  R.,  382"‘.7(> ;  and  by  P., 
3H3'“.50.  The  differences  of  heij^ht,  as  deduced  from  the  barometric  observations  during  the  day, 
are  as  usual  too  great,  and  if  we  (;ompute  the  temperature  of  the  intervening  stratum  of  air  from 
these  observ^ations,  and  the  known  difference  of  height  by  spirit-level,  we  find  the  above  apparent 
tempenitiire-correctious.  These  compare  hxirly,  in  extreme  magnitude,  with  similar  corre(*tions 
deduced  from  the  observations  at  Bodega  Head  and  Ross  Mountain,  in  California  ;  yet  the  fact  that 
all  the  comi>uted  heights,  even  those  at  the  earliest  hour,  are  too  great,  is,  j)erha])s,  to  be  explained 
by  tlie  influx  of  cold  air  in  the  Penobscot  Valley.  It  will  be  noticed  that  the  observations  at 
Ragged  Mountain  and  White  Head  Light  still  leave  to  the  intervening  stratum  of  air  a  daily  varia¬ 
tion,  not  very  much  smaller  in  amount  than  the  daily  variation  recorded  at  the  two  stations ; 
whei-eas  the  observations  on  the  coast  of  California  left  that  stratum  in  a  state  of  uniform  tempera¬ 
ture  thn)ughout  the  day.  The  exidauation  of  this  difference  is  no  doubt  to  be  sought  for  in  local 
causes.  The  fact  that  on  the  coast  of  Maine  hourly  observations,  commenced  at  6  a.  m.,  do  not 
include  the  true  difference  of  height,  may  be  regarded  as  unexpected  as  the  uniform  temperature 
of  the  intervening  mass  of  the  air  deduced  from  the  California  observations. 

The  observations  at  Ragged  Mountain  and  Mount  Desert  cannot  be  made  to  yield  a  reliable 
result  for  the  temperature  of  the  air  between  these  stations,  owing  to  their  great  distance  and  small 
difference  of  height;  yet  they  point  unmistakably  to  the  fact  that,  with  air  in  motion  and  for  such 
distance,  the  surface  of  strata  of  ecpial  density  cannot  be  concentric  with  the  equilibrium  surface 
of  the  ocean. 

It  is  evident  that  further  observations  are  desirable,  and  that  barometric  hypsometry  cannot 
be  lumle  the  basis  of  exact  determinations  of  heights. 

Respectfully  submitted  by 


CIIAS.  A.  SCHOTT, 

Assistant. 
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KEPORT  OF  THE  SUPERINTENDENT  OF 


APPENDIX  No.  1  8. 

ON  ATMOSPHERIC  REFRACTION  AND  ADJUSTMENT  OF  HYPSOMETRIC  MEAS- 

URES— CONTRIBUTION  No.  III. 

DETERMINATION  OF  THE  COEFFICIENT  OF  REFRACTION  FROM  ZENITH-DISTANCES  OBSERVED  IN 
NORTHERN  GEORGIA,  BY  ASSISTANTS  C.  O.  BOFTELLE  AND  F.  P.  WEBBER,  IN  IH73  AND  1H74, 
AND  ADJUSTMENT  OF  DIFFERENCES  OF  HEIGHTS*  BY  APPLICATION  OF  THE  METHOD  OF  LEAST 
SQUARES.  DISCUSSION  AND  REPORT  BY  CHARLES  A.  SCHOTT,  ASSISTANT. 

May  13,  187G. 

The  measures  for  refraction  and  beiglits  of  stations  discusse<l  in  this  paper  are  tliose  taken  in 
connection  with  that  part  of  the  primary  triangulation  wiiich  trav^erses  Northern  Georgia ;  these 
observations  will  therefore  enable  us  to  exhibit  the  amount  of  variability  in  the  atmospheric  refrac¬ 
tion,  and  its  etiect  on  the  measures  of  heights  as  ordinarily  met  with  at  a  considerable  distance 
from  the  sea  coast  and  at  altitudes  between  1(M)0  and  2300  feet,  and  may  thus  be  contrasU^d  with 
the  results  obtained  at  stations  near  the  (M)ast,  as  at  Bodega  Head,  California,  and  at  Ragged 
Mountain,  Me.  (see  Ai)pendices  Nos.  16  and  17,  of  this  report),  where  the  observations  were 
principally  directed  to  the  study  of  the  law’  of  daily  variation  in  the  refraction.  The  present  paper 
is  therefore  to  some  extent  supplementary  to  those  communications,  inasmuch  as  it  presents  re¬ 
sults  of  refraction  obtained  under  different  conditions;  the  second  part  contains  the  method  of 
reduction  of  hypsometric  measures  applicable  to  the  case  under  consideration,  with  remarks  for 
modification  to  suit  other  circumstances,  the  small  errors  existing  among  the  separate  measures 
being  dispersed  by  the  use  of  the  method  of  least  squares.  Numerical  examples  are  iutroduced 
for  illustration,  no  communication  having  been  made  on  this  subject  heretofore. 

1. — Results  of  atmospherio  refraction  observed  at  stations  in  northern  Georgia 

IN  1873  AND  1874. 

That  part  of  the  primary  triangulation  along  the  southeastern  flank  of  the  Appalachian 
system  of  mountains,  which  crosses  Northern  Georgia  and  which  comprises  the  stations  ^‘South¬ 
west,  Middle,  and  Northeast  Base  (see  Appendix  No.  12,  Coast  Survey  Report  for  1873),  Stone 
Mountain,  Academy,  Sweat,  Kenesaw,  Sawnee,  Fine  Log,  and  Grassy,”  was  executed  in  the  years 
1873  and  1874,  by  the  parties  of  Assistants  C.  O.  Boutclle  and  F.  P.  Webber.  The  vertical  meas¬ 
ures  are  those  ordinarily  taken  at  primary  stations  for  the  determination  of  heights  and  comprise 
double-zenith  distances  as  w^ell  as  differential  micrometric  measures.  One  turn  of  the  eye-piece  or 
Ramsden  micrometer  of  the  30-mc/i  theodolite,  C.  S.  No.  1,  was  found  to  be  as  follows: 
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At  Northeast  Base,  1873 .....  =  43''.270  i  0''.075  ^ 

At  Keiiesaw,  1873  .  43".523  ±  0".054  VMean,  43''.3G2  ±  0".034 

At  Sweat,  1873  .  43".293  =t  0".042  J 

One  turn  of  the  eye-piece  micrometer  of  the  204nch  theodolite^  C.  S.  No.  3,  was  fouud- 
At  Sawnee,  1873 . .  =  52".C29  i  0".083  4 

At  Grassy,  1874  . .  52".454  ±  0'M04  >Meau,  52".53G  ±  0".04G 

At  Skitt,  1874  . .  52".525  ±  0".040  J 

Part  of  triangulaiion  in  Georgia. — Measures  of  zenith-distances. 


10 


iS 


20  at.mil  eg 


8^1^  •  tfTTo'^oTS’ 


N.  B. — The  arrows  indicate  measured  zenith-distances;  the  lines  1 . .  2  and  1 ,  .  3  were  leveled,  hence  the  measured 
zenith-distances  are  not  indicate. 

The  vertical  measures  were  generally  taken  between  10  a.  m.  and  4  p.  m.,  or  during  that  part 
of  the  day  when  the  refraction  is  least  and  most  steady,  and  extended  only  occasionally  to  5  p.  m. 
or  even  later.  All  measures  were  referred  by  the  computer  to  the  ground;  that  is,  they  were 
corrected  for  height  above  ground  of  instrument  and  of  object  observed  on.  If  any  conditions 
existed  between  the  zenith-distances  as  directly  observed  and  the  micrometric  differences  of  zenith- 
distances  the  small  discrepancies  were  dispersed  by  application  of  the  method  of  least  squares. 
The  resulting  zenith-distances  tabulated  below  are  those  referring  to  our  proposed  geometrical 
nexus  of  stations,  all  others  having  been  omitted  here. 

8.  Ex.  37 - 47 
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REPORT  OF  THE  SUPERINTENDENT  OF 


Southwest  Base. 

C.  O.  Boiitolle,  1873.  Micr.  diff.  Febniarj^  17,  19,  21. 
Theod.  No.  1.  Zen.  dist.  March  7,  14.  Vert.  Cir. 

No.  24. 

o  /  // 

Middle  Base .  C  =  89  55  41.1 

Northeast  Base .  89  59  20.3 

Sweat .  89  37  53.7 

Kenesaw . .  89  36  10.1 

Stone .  89  26  21.6 

Middle  Base. 

C.  O.  Bontolle,  1873.  Micr.  diff.  February  3,  5.  Theod. 
No.  1.  Zen.  dist.  February  12.  Vert.  Cir.  No.  32. 

o  /  // 

Southwest  Base . C  =  90  06  34.2 

Northeast  Base .  90  00  38.5 

Stone .  89  24  30.6 

Northeast  Base. 

C.  O.  Boutelle,  1873.  Micr.  diff.  March  18, 20,  21.  Theod. 
No.  1.  Zen.  dist.  March  23.  Vert.  Cir.  No.  24. 

o  /  // 

Middle  Base . C  =  90  01  43.0 

Southwest  Base .  90  05  09.4 

Kenesaw .  89  43  22.7 

Sweat .  .  89  39  51.7 

Sawnee . 89  40  31.2 

Stone .  89  24  04.0 

Stone  Mountain. 

C.  O.  Boutelle,  1873.  Micr.  diff.  December  19,  20. 


Theod.  No.  3.  Zen.  dist. 

December  18, 

19. 

Vert. 

Cir.  No.  24. 

o 

/ 

// 

Middle  Base . 

% 

II 

KP 

43 

30.0 

Nortlieast  Base . 

90 

43 

20.8 

Southwest  Base . 

90 

41 

56.8 

Academy . 

90 

30 

55.7 

Sweat . 

90 

08 

58.9 

Kenesaw . 

90 

07 

05.0 

Sawnee . 

90 

04 

43.1 

Sweat  Mountain. 

F.  P.  Webber,  1873.  Micr.  diff.  September  30,  October 
1,  2,  3.  Theod.  No.  1.  Zen.  dist.  October  4.  Vert. 
Cir.  No.  32. 

o  /  // 

Southwest  Base . C  =  90  33  37.2 

Northeast  Base . - .  90  31  43.4 

Academy _ ; . - .  90  23  21.4 

Stone .  90  09  37.0 

Sawnee .  .  89  58  49.3 

Kenesaw .  89  55  32.5 

Pine  Log . 89  46  58.9 

Grassy . 89  36  07.9 

N.  B. — Instrument  No.  24  has  a  vertical  circle 
both  by  Gambey. 


Kenesaw. 

F.  P.  Webber,  187.3.  Micr.  diff.  July  21,  22,  25,  29,  30, 
August  2,  4,  7,  8.  Theod.  No.  1.  Zen.  dist.  August 
16.  Vert.  Cir.  No.  32. 

o  /  // 

Southwest  Base . C  =  90  36  15.2 

Northeast  Base  .  90  31  28.4 

Stone .  90  13  03.4 

Sweat .  90  11  28.0 

Sawnee .  90  07  44.6 

Pine  Log .  89  54  41.7 

Sawnee. 

C.  O.  Boutelle,  1873.  Micr.  diff.  October  31,  November 
3, 7, 11,  8,  10,  December  4.  Theod.  No.  1.  Zen.  dist. 
November  7,  8.  Vert.  Cir.  No.  24. 

O  /  // 

Northeast  Base . C  =  90  •  35  16.5 

Academy .  90  33  05.9 

Stone .  90  17  08.2 

Sweat .  90  16  14.4 

Kenesaw' .  90  14  20.3 

Pine  Log . r. .  90  01  43.9 

Grassy .  89  23  48.8 

Academy. 

C.  O.  Boutelle,  1874.  Micr.  diff.  December  7,  8,  9,  10. 
Theod.  No.  3.  Zen.  dist.  December  9, 10.  Vert.  Cir. 
No.  24. 

o  /  // 

Northeast  Base . C  =  90  08  11.4 

Sweat . .  89  57  09.3 

Sawnee .  89  42  51.5 

Stone .  89  39  00.1 

Pine  Log. 

F.  P.  Webber,  1874.  Zen.  dist.  August  3,  4,  5.  Vert.  Cir. 
No.  32. 

o  /  If 

Sweat . C  =  90  28  20.0 

Kenesaw .  90  23  23.4 

Sawnee .  .  90  19  09.5 

Grassy .  89  38  05.3 

Grassy. 

C.  O.  Boutelle,  1874.  Micr.  diff.  July  21, 23, 28, 31.  Theod. 
No.  3.  Zen.  dist.  July  31,  August  1.  Vert.  Cir.  No.  24. 

o  t  n 

Sawnee . C=90  50  53.9 

Sweat .  90  45  59.0 

Kenesaw .  90  39  35.9 

Pine  Log .  90  37  29.3 

of  8  inches  j  instrument  No.  32  one  of  12  inches, 
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DETERMINATION  OP  THE  COEFFICIENT  OF  ATMOSPHERIC  REFRACTION  FROM  OBSERVED  ZENITH- 

DISTANCES. 


To  determine  the  coefficient  of  lefraction  (m)  from  observations  at  two  intervisible  stations,  we 
require  either  the  measure  of  one  zenith-distance  (C)  combined  with  the  known  difference  of  height 
as  found  by  spirit-level,  or  the  measure  of  reciprocal  zenith-distances,  which  may  be  synchronous 
or  not.  In  the  first  case  we  have  the  most  favorable  condition  for  finding  the  value  of  m,  and  if 
simultaneous  observations  are  made  at  both  ends  of  the  line  additional  information  is  obtained 
respecting  the  difference  of  refraction  and  curvature  of  ray  of  light.  In  the  second  case  we  have  to 
assume  the  refraction  the  saine  at  both  stations,  and,  in  general,  the  path  of  light  to  form  a  part  of 
an  arc  of  a  circle ;  in  the  third  case  of  non-simultaneous  observations  we  can  only  find  an  average 
value  of  m  obtaining  at  the  times  when  the  two  measures  were  made.  It  should  also  be  remarked 
that  the  observed  zenith-distances  should  be  corrected  for  local  deflection  of  the  plumb-line  in  the 
direction  of  the  azimuth  of  the  line  whenever  we  possess  the  means  of  doing  it.*  In  the  case 
before  us  the  measures  C  and  C'  are  reciprocal  and,  as  the  dates  indicate,  not  synchronous,  and  the 
average  values  of  m  will  only  be  approximate  ones  since  the  assiimi)tion  in  the  following  formula 
of  the  pencil  of  light  as  part  of  a  circle  is  not  in  conformity  with  the  law  of  change  of  density  of 
the  air  witli  height.  Supposing  C  and  C'  reduced  to  the  ground  (for  height  of  telescope  and  of 
object  sighted)  «  =  the  horizontal  distance  between  the  tw^o  stations,  p  the  radius  of  curvature  t 
corresiwnding  to  this  line,  then 


m  =  0.5  - 


C  + 


1800 


2  V' 


where  </'  = 


p  sin  V' 


Respecting  weights  on  account  of  number  of  observations,  we  may  assume  with  Bessel  ic  = 


nn*  y/s 


n  +  »' 

where  n  =  the  number  of  measures  of  C  and  n*  those  of  C'.  For  the  present  application  it  is  pre- 
ferred  to  let  n  n'  represent  the  number  of  days  on  which  zenith-distances  were  observed  instead  of 
the  number  of  individual  observations,  since  the  reflection  generally  varies  more  from  day  to  day 
than  on  the  same  day  between  the  hours  10  a.  m.  and  3  p.  m.,  to  which  interval  the  observations 
of  zenith-distances  should  be  confined.  No  attempt  has  been  made  to  correct  observed  zenith- 
distances  for  daily  variation,  t  the  refraction  being  sufficiently  constant  for  times  within  about  three 
hours  from  noon.  The  two  measures  for  m  over  the  very  short  lines  from  Middle  Base  to  each 
end  of  the  base  are  here  excluded. 

Resulting  values  for  coefficient  of  refraction. 


Line. 

m 

w 

Middle  Base  — Stone . 1 . 

0.0480 

85 

Southwest  Base  —  Stone . 

600 

138 

Southwest  Base  —  Northeast  Base . 

538 

65 

Northeast  Base  — Stone . 

795 

85 

Sweat  —  Stone . 

768 

135 

Sweat  — Northeast  Base . 

738 

80 

Sweat  — Southwest  Base . 

620 

104 

Stone  —  Acatlemy . 

858 

149 

Sweat  —Academy . 

727 

141 

Sweat  —Pine  Log . 

680 

136 

Sweat  — Kenesaw . 

729 

62 

Northeast  Base  —  Kenesaw . — 

705 

90 

Line. 

m 

to 

Southwest  Base  —  Kenesaw . 

0.0662 

109 

Stone  — Kenesaw . 

781 

140 

Stone  —  Sawnee . 

771 

219 

Sawnee  —  Northeast  Base . 

758 

123 

Sawnee  —  Academy . 

722 

186 

Sawnee  —  Kenesaw . 

754 

146 

Sawnee  —  Sweat . 

780 

121 

Sawnee  —  Pine  Log . 

675 

254 

Pine  Log  —  Kenesaw . 

679 

148 

Grassy  —  Sweat . 

730 

146 

Grassy  —  Sawnee . 

722 

178 

Grassy  —  Pine  Log . . 

690 

220 

Weighted  mean  =  0.0716  ±0.0010 

”  Iw 


•  See  contribution  No.  II. 
t  See  table  of  log  p  appended  to  this  paper. 

X  See  observations  by  Hossard  at  Angouleme,  in  May  and  Juno,  1844,  from  daybreak  to  twilight;  of  G.  David¬ 
son,  assistant  Coast  Survey,  at  Bodega  Head,  Cal.,  in  March,  1860,  from  7  a.  m.  to  5  p.  m. ;  and  of  F.  W.  Perkins,  sub- 
assistant  Coast  Survey,  at  Ragged  Mountain,  Me.,  in  'July,  August,  and  September,  1874,  at  all  hours  of  day  and 
night. 
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From  tlie  cousisteiicy  of  the  above  individual  results  of  m  we  infer  that  no  unusually  large  or 
small  refraction  obtained  during  the  times  of  measures.  The  average  height  above  tlie  sea  of  the 
ten  stations  is  520  meters  (1700  feet)  very  nearly.  We  possess  no  complete  meteorological  records 
in  connection  with  the  above  measures.  The  value  of  m  =  0.0716  will  be  used  for  lines  observed 
only  in  one  direction,  as  Academy  to  Northeast  Base  and  Grassy  to  Kenesaw,  and  for  the  compu¬ 
tation  of  heights  of  a  number  of  secondary  objects  connected  with  this  triangnlation.* 

2.— Computation  of  heights  of  stations  from  measured  differences  of  heights, 
WITH  application  OF  THE  METHOD  OF  LEAST  SQUARES. 

The  computixtion  of  the  differences  of  heights  from  observed  zenith-distances  may  be  made  by 
means  of  the  following  convenient  formulfe  : 

For  the  case  of  reciprocal  zenith-distances,  either  synchronous  or  not — 

A,  -  A  =  «  tan  i  C,  -  :)  J . (1) 

wliere  h  is  the  known  height  above  the  sea  or  the  starting  level  for  the  measured  difference  of 
height  and  ki  the  height  of  the  station  opposite,  8  and  p  refer  to  the  sea-level  and  8  tan  ^  (Ci  —  C) 

fiHnishes  an  approximate  value  for  to  be  used  for  the  third  term  The  value  of  log  p  is 

taken  from  our  table  with  the  arguments,  latitude,  and  azimuth  of  line. 

For  the  case  of  zenith-distances  observed  upon  only  at  one  end  of  a  line,  which  necessitates  a 
knowledge  or  assumption  of  m — 

hi^h=:8  cot  C  -f  — T>  ^  ^  ^  cot*  C 

2p  p 

reducing  by  means  of  tabulated  factors  for  various  values  of  m  to — 

.  hi  — ■  h  =  8  cot  ^  “I"  IVI  —  -f-  ]S  ^ . . (2) 

p  p 

For  the  case  under  consideration  our  initial  level  is  that  of  Stone  Mounbiin,  ascertained  by 
means  of  si>irit-levels  to  be  513“’. 018  above  the  half- tide  level  of  the  ocean.  In  connection  with 
this  operation  executed  partly  under  Assistant  G.  O.  Boutelle’s  direction  in  1873-’74,  partly  by  the 
engineers  of  the  railroad  between  Beaufort,  S.  C.,  and  Augusta,  Ga.,  the  Port  Royal  and  Beaufort 
levelings  were  connected  directly  with  tidal  observations.  The  results,  expressed  in  feet,  are  as 
follows : 

Height  above  mean  sea-level. 


Beaufort,  S.  C.,  bench-mark  on  wharf .  .  6.85 

Page’s  Point,  S.  C.,  mark  on  ground .  10.41 

Yemassee,  S.  C.,  mark  on  ground  .  22.03 

Willow  Oak,  S.  C.,  mark  on  ground .  135.34 

Augusta,  Ga.,  stone  post  near  Port  Royal  Railroad  office . .  132.36 

Stone  Village,  Ga.,  granite  post  front  of  Granite  Company  office . . .  1037.44 

Stone  Mountain  ground  at  C.  S.  A  station .  1686.20 


The  spirit-levelings  of  the  base-line  in  1872-’73  gave  the  following  results :  Middle  Base  above 
Southwest  Base  6.904  meters  and  Northeast  Base  above  Southwest  Base  7.684  meters ;  the  base  is 

*  For  comparison  of  this  value  of  m  with  other  values  referring  to  the  sea-level  (or  to  other  levels)  we  may 
use  Struve’s  pressure- factor  —  where  B  equals  the  barometric  reading  expressed  in  millimeters.  The  average  press- 

ure  at  the  sea-level  in  latitude  is  nearly  764“*“,  and  48“'“.4  less  or  71.5™“.G  nearly  at  an  altitude  of  5*20“*,  hence 
for  the  sea-level  our  value  would  become  0.0716  or  0.0764  nearly,  apparently  a  normal  value.  According  to 
Bauernfeind’s  table,  however,  a  change  of  -f  1.9  inches  of  pressure  would  change  m  from  0.0716  to  0.0773. 
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connected  with  Stone  Moontain  by  means  of  zenith-distances.  Our  observations  determine  for  23 
lines*  the  differences  of  heights  from  reciprocal  measures  for  which  consequently  no  knowledge 
of  m  is  needed ;  for  two  remaining  lines,  Academy  to  Northeast  Base  and  Grassy  to  Kenesaw, 
observed  only  at  one  end,  we  use  the  value  of  w  as  deduced  above.  These  differences  of  height 
were  computed  by  formulae  (1)  and  (2)  with  the  following  results  arranged  for  positive  differences, 
in  each  case  the  first-named  station  being  the  higher  of  the  two  : 


Computed  differences  of  heights  from  measures  between  ten  stations. 


Stone  Mountain 

—  Middle  Base _ 

m. 

=  + 188.78 

Sawnee 

—  Stone  Mountain  . . . 

m. 

. .  =  +  86.30 

Stone  Mountain 

—  Southwest  Base. 

195.28 

Sawnee 

—  Northeast  Base .... 

274.16 

Stone  Mountain 

—  Northeast  Base . 

188.21 

Sawnee 

—  Academy . 

252.43 

Sweat 

—  Stone  Mountain . 

3.76 

Sawnee 

—  Kenesaw . 

46.27 

Sweat 

—  Northeast  Base . 

190.14 

Sawnee 

—  Sweat . 

83.85 

Sweat 

—  Southwest  Base. 

197.52 

Pine  Log 

—  Sawnee . 

113.73 

Stone  Mountain 

—  Academy . 

167.69 

Pine  Log 

—  Kenesaw . 

101.52 

Sweat 

—  Academy . 

169.87 

Grassy 

—  Sweat . 

480.70 

Pine  Log 

—  Sweat . 

197.40 

Grassy 

—  Sawnee . 

403.17 

Kenesaw 

Kenesaw 

—  Sweat . 

—  Northeast  Base . 

35.24 

224.62 

Grassy 

Also— 

—  Pine  Log . 

289.01 

Kenesaw 

--  Southwest  Base. 

232.21 

Academy 

—  Northeast  Base. . . . 

19.38 

Kenesaw 

—  Stone  Mountain. 

38.49 

Grassy 

—  Kenesaw . 

451.03 

These  results  contain  the  unavoidable  discrepancies  due  to  errors  of  observations  and  to 
changes  in  refraction;  they  therefore  call  for  a  suitable  method  of  combination  and  adjustment 
in  order  that  we  may  assign  the  most  probable  values  to  the  heights  of  the  stations. 


AJDJTJSTMENT  OF  EESULTS  FOR  DIFFERENCE  OF  HEIGHTS  WITH  APPLICATION  OF  THE  METHOD 

OF  LEAST  SQUARES. 

Supposing  hx^hfi^  Ahi  a  resulting  difference  of  height  between  the  two  stations  and  A© 
determined  either  by  zenith-distances  at  one  or  at  both  stations,  then  for  any  circuit  of  connecting 
heights  or  hypsometric  linkage  we  must  have  the  condition  J/ti  =0;  that  is,  if  we  start  from 
any  point  ha  and  return  to  it  through  a  series  of  intermediate  connected  differences  of  height  this 
must  bring  us  back  to  the  starting  level.  Thus  in  any  triangle  in  which  the  three  differences  of 
height  are  measured  we  have  the  condition — r 

A  hi  A  h2  A  h. 

For  convenience,  the  numbering  may  be  from  left  to  right  (same  as  the  turning  of  the  hands 
of  a  watch). 

In  two  triangles  having  one  side  in  common  we  have— 

0:=zAhi'\-Ah2'\"  Ah 
0  —  A  h  "I*  ^  A  h\ 

the  —  sign  being  due  to  a  change  of  direction.  Adding  these  equations  we  obtain — 

A  hi  A  h2  A  ha  A  h^ 

which  is  the  condition  for  closing  the  circuit  of  a  quatlrilateral.  We  thus  arrive  at  the  important 
fact :  In  a  geometrical  figure  composed  of  connected  triangles  it  suffices  to  satisfy  the  conditions 
of  the  single  triangles  in  order  to  have  all  other  conditions  satisfied.  This  materially  simplifies 
the  establishment  of  the  conditional  equations.  In  a  triangle  having  thi’ee  dift'erences  of  heights 
measured  we  have  one  condition,  in  a  quadrilateral  with  four  ditterences  of  heights  we  have 
also  one  condition,  in  a  quadrilateral  with  a  diagonal  and  five  differences  of  heights  we  have  two 
conditions,  in  case  of  two  diagonals  and  six  ditterences  of  heights  there  are  three  conditions,  the 

•  Tlie  line  Southwest  Base  to  Northeast  Base  is  licre  omitted  siucc  the  difference  of  height  found  by  spirit-level 
(7®.6S4)  is  far  superior  in  accuracy  to  the  value  (7*“.90)  found  by  the  zenith-ilistances. 
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fourth  circuit  being  satisfied  by  reason  of  the  preceding  three.  In  a  quadrilateral  with  a  central 
I)oint  and  eight  differences  measured  we  have  four  conditions.  In  any  circuit  or  linkage  made  up 
of  n  sides  in  which  n  differences  of  heights  are  measured  we  have  but  one  condition ;  in  short,  for 
any  circuit  let  p  =  number  of  connected  points  and  m  =  number  of  measured  differences  of  heights 
between  any  two  of  them,  then  number  of  conditions  =  w  —  p  +  1. 

If  a  series  of  hypsometrically  connected  points  begins  at  one  whose  absolute  elevation  (above 
the  sea)  is  known  and  terminates  at  another  whose  elevation  is  likewise  known,  it  is  obvious  that 
there  must  be  as  many  measured  difterences  of  heights  as  there  are  connecting  links,  and  conse¬ 
quently  there  can  be  but  one  condition,  hence  for  this  case  w  —  p  +  2. 

Absolute  elevations  are  generally  determined  by  means  of  the  spirit-level,  connecting  them 
with  a  tide-gauge  for  which  the  reading  of  the  half-tide  or  mean  level  of  the  ocean  has  become 
known  from  a  series  of  tidal  observations,  extending  rarely  over  less  than  one  lunation.  For  greater 
precision  two  such  series,  half  a  year  apart,  should  be  employed.  Where  there  is  a  large  diurnal 
inequality  in  the  tides  the  observations  should  be  more  extended  and  sn<icessive  high  and  low  waters 
hi  U  h^khsk  etc.  may  be  combined  as  follows:  Form  successively  the  values  J  (^i  +  3  -+-  3  ^  +  U)j 

i  {h  +  + 3I4  +  /is),  J  (^3  +  3  ^4  -+-  3  ^5  +  4)j  etc.  etc.,  each  of  which  will  be  an  approximation  to 

the  mean  sea-level,  and  a  series  of  such  results  will  indicate  the  degree  of  convergence  towards 
a  mean  value  and  give  the  means  of  judging  of  its  probable  error.  Usually  it  suffices  to  take 

The  coefficients  of  the  conditional  equations  can  be  had  by  developing  the  expression  ofhi  —  h 
according  to  Tayloris  Tlieorem.  Putting 

H  =  fe,  -  /» = « cot :  +  cot»  c, 

and  differentiating  with  regard  to  8  C  and  m,  we  have,  with  sufficient  accuracy. 

This  expression  may  be  simplified  by  putting  d  «  =  0,  since,  in  all  cases  where  the  distances  are 
known  by  triangulation,  they  are,  or  ought  to  be,  known  with  greater  accuracy  than  is  neede<l  for 
the  purpose  of  determining  heights ;  we  can  also  put  sin*  C  =  1,  since  C  generally  differs  but  little 
from  900.  We  then  obtain  the  following  simple  form  for  our  conditional  equations: 

dH  =  —  «sinl"dC - dm 

P 

where  d  C  is  to  be  expressed  in  seconds.  Owing  to  the  irregular  variations  of  m  and  our  inability 
to  compute  it  from  observed  meteorological  conditions,  it  is,  in  general,  not  advisable  to  determine 
a  correction  (d  m)  to  the  introduced  value  of  m.  Since  different  values  of  m  obtain,  or  may  obtain, 
on  different  days,  we  approach  closest  to  its  actual  values  in  the  case  of  reciprocal  observations, 
especially  if  synchronous,  and  the  elimination  of  m  in  the  computation  of  the  differences  of  heights 
gives  to  the  above  equation  the  simple  form*  d  H  =  —  «  sin  1"  d  C.  Even  in  the  case  of  one  zenith- 
distance  to  each  line  it  is  advisable  to  settle  upon  a  value  of  m,  guided  rather  by  its  value  under 
similar  circumstances  than  to  deduce  a  correction  to  it  from  conditional  equations.  We  shall,  how¬ 
ever,  give  an  example  of  its  introduction  further  on.  Relative  weights  may  be  introduced  according 

to  the  number  of  days  of  observation  n  Ui  at  each  end  t  of  a  line  whence  tr  =  .  Applying  the 

n  +  n, 


•  This  method  is  developed  by  General  Bayer,  see  ^‘Die  Kilsteuvermessung  uiid  ihre  Vcrbindung  mit  der  Berliner 
Grundlinie,  etc.,  etc.,”  von  J.  J.  Bayer,  etc.,  Berlin,  1849,  pp.  434-4:17.  The  reader  may  also  consult  Schloiermacher’s 
meth<Ml,  which  takes  into  account  the  terms  in  d  C  and  d  m,  as  given  in  Dr.  Ph.  Fischer’s  “Lehrbuch  der  hoheren 
Geodiisie,”  Darmstadt,  1845,  Part  III,  pp.  1H6-19D.  It  is  presented  in  a  form  rather  too  heavy  and  inconvenient  for 
general  use,  and  is,  moreover,  complicated  by  the  introduction  of  two  sets  of  equations  of  correlatives,  designed  to 
obtain  finally  for  solution  a  smaller  number  of  equations — a  i>rocess  of  doubtful  utility. 


t  If  observations  are  made  at  one  end  only,  the  relative  weight  will  be 


n 

4' 
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preceding  method  to  the  adjustment  of  height  in  the  vicinity  of  the  Atlanta  Base,  we  arrange  the 
computation  as  follows : 


Computed,  difference  of 
height. ' 

Correc¬ 

tion. 

—  8  arc  1" 

to 

Computed  difference  of 
height. 

Correc¬ 

tion. 

—  8  arc  1" 

to 

Designation. 

Amount. 

,  Designation. 

Amount. 

m. 

rn. 

hr 

-f  513. 948 

1 

As  —As 

-f 232.  21 

t>is 

-0.1288 

1 

Ai  — 

6.904 

>  By  spirit-level. 

1  As  —As 

38.49 

Vis 

.2148 

f 

Aa  —  Ai 

0.780 

J 

'  As  — hr 

86.30 

Vis 

.2316 

1 

hr  —  Ai 

188. 78 

n 

-0. 0797 

} 

1  hi  — As 

274. 16 

Vis 

.1669 

f 

hr  —  M 

195. 28 

Vi 

.0861 

1 

As  —  Aw 

252.  43 

Vie 

.1675 

1 

hr  —  ks 

188. 21 

w 

.0791 

1 

t  As  —As 

46.27 

VlT 

.2338 

f 

hi  —  hr 

3.76 

Vi 

.1974 

f 

'  As  —As 

83.85 

Vis 

.1604 

I 

hi  —  As 

190.14 

Vi 

.1222 

k 

As  — As 

113.  73 

vw 

.2175 

% 

As  —  As 

197.52 

Vi 

.1181 

} 

As  -As 

16L52 

v» 

.1876 

f 

s 

1 

167.69 

vr 

.1076 

1 

;  As  —As 

486.  70 

Vtl 

.2322 

1 

hi  —  Aw 

169.87 

Vi 

.2161 

f 

1  As  —As 

.  403. 17 

Vis 

.1543 

1 

hi  —  As 

197.40 

V9 

.1591 

'  As  -As 

289. 61 

VSI 

.1625 

1 

hi  —  As 

'  35.24 

ViO 

.0738 

h 

Aw  —  As 

19.38 

VM 

.1106 

A4  — As 

224.62 

1 

rii 

-0.1557 

'  As  —As 

■  451. 63 

Vis 

-0.2958 

k 

Number  of  conditions. 

Counting  in  the  lines  2.  .1  and  1 . .  3,  but  omitting  the  line  2 .. 3,  also  including  the  lines  3 . .  10 
and  4 . .  8,  observed  at  one  end  only,  we  have  m  =  27  and  p  =  10,  the  point  1  counting,  as  well  as 
2  and  3 ;  hence  number  of  conditions  among  measured  differences  =  18. 


Formation  of  conditional  equations. 

Circuit  2,  1,  7 . .  ^  hi  —  h,  =  —  195.28  +  0.0861  v-i 
<  hi  ““  hi  —  *4“  6.904 

(  h,  -  hi 188.78  -  0.0797  Vi 
0  =  +  0.404  -  0.0797  Vi  +  0.0861  r*  .  I. 

Circuit  1,  3,  7. .  /  fts  —  A,  =  +  0.780 

)  A,  -  A3  =  +  188.21  -  0.0791  ^3 

(  A,  -  A,  =  -  188.78  +  0.0797  Vi 

0  =  4-  0.210  -  0.0797  Vi  —  0.0791  1’3  .  II. 

Circuit  2,  5,  7 . .  /  A*  —  A*  =  4-  197.62  —  0.1181  Ve 

)  A,  -  As  =  -  3.76  4-  0.1974  ^4 

(  hi  — hi  =  —  195.28  4-  0.0861  % 

^0  =  —  1.52  4-  0.0861  %*4-  0.1974  V4  -  0.1181  . HI. 

The  remaining  equations  being  formed  in  a  similar  manner  are  as  follows : 

0  =  4-  1.83  -  0.0791  Vi  —  0.1974  V4  4-  0.1222  % .  IV. 

0  =  4-  1.56  -  0.0861  Vi  +  0.1288  Vn  —  0.2148  Vn .  V. 

0;=  —  0.55  4-  0.1181  Ve  4-  0.0738  v^  -  0.1288  VI. 

0*=  4-  2.08  -  0.0791  ®3  4-  0.1557  Vn  —  0.2148  VII. 

0  =  -  1.14  4-  0.0791  Vi  —  0.1076  Vi  -  0.1106  Vu .  VIII. 

0  =  4-  0.89  —  0.1222  Vs  +  0.2161  Vg  4-  0.1106  ^34 .  IX. 

0  =  —  0.35  4-  0.0791  Vi  4-  0.2316  Vu  -  0.1669  Vu .  X. 

0  =  4-  2.36  —  0.1669  v^  +  0.1675  rj*  4-  0.1106  Vu .  XI. 

0  =  —  3.27  —  0.1657  ®,i  4-  0.1669  Vis  -  0.2338  v„ .  XII. 

0  =  4-  2.34  4-  0.0738  4-  0.2338  Vn  -  0.1604  Vu .  XIII. 

0  =  4-  2.19  4-  0.2338  Vn  4-  0.1543  v&  —  0.2958  Va .  XTV. 

0  =  -  0.32  4-  0.1604  ©w  —  0.2322  Vn  4-  0.1543  v^.  . .  XV. 

0  =  -  0.64  4-  0.1591 178  -  0.0738  Vv,  —  0.1876  ir* .  XVI. 

0  =  -  0.18  -  0.1591 179  4-  0.1604  r,,  4-  0.2176  Vn . XVII. 

0  =  -  0.60  —  0.1876  1730  —  0.1625  1733  4-  0.2958  Va . XVIII. 
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O  CO  o 

rH  QO  00 
CO  rH  O 
Ci  O  c<i 


Q  O  O 


tH  LO  O 
CO  05 
01  O  00 
Tii  O 
rH 

I  I  I 


o  o  o. 


CO  o  o 

05  CO  01 
CO  05 
CO  05*  CO 
rH  01 

+  I  + 


O  O  Q 


rH  QO  O 
CO  I-  <M 
CO  CO  CO 


Q  Q  Q 


Ol  QO 
Tjl  IC  01 
oi 

+  I  + 


O  O  O 


CO  CO  rH 
rH  01  rH 

lo  t-  CO 
rH  O 
lO  eo  CO 

I  I  + 


^  « 
O  O  O 
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In  the  following  tables  are  given  the  corrections  7^2  ^’3  •  •  •  •  *  to  the  observed  zenith- 
distances,  also  the  corresponding  corrections  to  the  differences  of  heights,!  the  corrected  differences, 
and  the  absolute  heights. 


Correction  to  ^ 
or  d 

d  H. 

Corrected  differences  of 
heights. 

Correction  to  < 
or  d 

dH. 

1 

Corrected  differences  of 
heights. 

in. 

.  w.  j 

n 

m. 

m. 

v\  =4-3.083 

—  0.  246 

hi  —  h\  =4-188.534 

VM  =  4-  3. 125 

—  0.  724 

hi  -hr  =4-  85.576 

tTa  =  — 1.850 

-f  0. 159 

hi  — hi  —  195.439 

ri6  =  4*  4. 955 

—  0.  827 

h4—ht=  273.333 

rs  =-}-5.743 

—  0.  454 

hi  —  hi=  187.756 

ri«=— 4. 918 

4-0.824 

hi  —hio=  253.254 

V4  =  +  7.7J2 

—  1.  5  22 

fm  —  hi  =  2.238 

ri7  =  — 7.802 

4-1.824 

hi  —hi  =  4a  094 

rs  =4-1- 194 

—  0. 146 

hs  —  hs  =  189.994 

»,8  =  4-3. 170 

—  0.508 

hi—hi=  83.342 

rs  =  —  1.  314 

4-0.155 

hi  — hi  =  197.675 

r„9  =  — 0.034 

-f  0.  007 

hi —hi  =  113.737 

ry  =  -1-  0. 148 

—  0.016 

h7  —  hio=  167.674 

rso  =  —  1.  660 

"4-  0.  311 

hi  —hi  =  161.831 

t?i,  =  —  0.  201 

+  0.  043 

hi  —  hio=  169.913 

t?2i  =  -j“  0.  303 

—  0.070  1 

hi  —hi  =  486  630 

t?9  =4-2.016 

—  0.321 

hi  — hi  =  197.079 

vn  =  —  0.  766 

4-  0. 118 

[  hi  —hi  =  403.288 

rio  =  —  0.  097 

-f  0.  007 

hi  — hi  =  35.247 

t?M  =  4-0.363 

—  0.059 

hi  —hi  =  289.551 

»ii  =  _3. 971 

-f  0.  618 

hi  —  hs  =  225.238 

t>j4  =  — 6. 327 

-f  0.  700 

hto  —  h3  =  20.080 

ri2  =  — 5.527 

4-0.712 

hi  —  hi=  232.922  ' 

tJ36  =  4- 0.837 

—  0.248 

hi  —hi  =  451.382 

t?,3  =  -|-4.  G88 

—  1.  007 

hi-hi  =  37.483 

_ 1 

The  corrections  Vi  . apply  directly  to  J  (Ci  —  C)  or  singly  to  the  observed  Ci  and  C  of 

each  line  respectively,  with  the  given  sign  to  the  smaller  zenith-distance  and  with  its  sign  reversed 
to  the  larger  zenith-distance.  Thus,  for  example,  in  the  case  of  referring  to  difterence  of  height 

A7  — 

C3  =  800  24'  04".0  +  5".743  =  89^  24'  09".743  =  corrected  zenith-distance  at  Northeast  Base. 

C7  =  900  43/  20".8  —  5".743  =  90o  43'  15".057  =  corrected  zenith-distance  at  Stone  Mountain. 

J  (C7  -  Ca)  =  +  2372".657 

and  by  formula  (1)  ^--^3  =  4- 187“.756,  same  as  given  in  the  table. 

Resulting  heights  {surface  of  ground  at  center  of  mark). 


Middle  Base . 

.  hi- 

m, 

325.414 

feet, 
=  1067.64 

Southwest  base . 

.  /h- 

318.510 

1044.99 

Northeast  Base . . . . . . 

.  /‘a- 

32C.192 

1070.19 

Kenesaw . 

.  *4- 

551.432 

1809.18 

Sweat  Mountain . 

516.186 

1693.54 

Sawnee . 

.  *6- 

599.526 

1966.97 

Stone  Mountain .  . 

.  *7- 

513.948 

1686.20 

Grassy . . . 

. -• .  hs- 

1002.814 

3290.10 

Pine  Log .  . 

.  = 

713.263 

2340.12 

Academy . 

346.274 

1136.08 

DETERMINATION  OF  THE  PROBABLE  ERROR  OF  THE  RESULTING  HEIGHTS. 

To  determine  the  probable  errors  strictly,  as  required  by  the  method  of  least  squares,  would 
be  unnecessarily  laborious.  It  is  therefore  proposed  to  substitute,  in  our  case,  the  following  more 
simple  process,  possessing  all  requisite  accuracy  for  our  purpose : 

Squaring  the  angular  corrections  rZ  C  as  found  by  the  precedin^^  adjustment,  and  taking  the 
square  root  of  the  average  square,  we  find  the  average  error  of  a  zenith-distance  =  i  3".77.  How- 

*  As  found  by  the  usual  equal  ious  of  the  form  v=  -  (a  Ci  -j-  &  Ca  +  c  C3  -|- . ).  These  corrections  are  given 

P 

in  the  above  table  in  the  column  lieaded  ^‘CoiTcetii  u  to  ^or  d  C”  expressed  in  seconds, 
t  Found  by  d  H  =  —  s  arc  V‘  d  ^  expressed  in  meters. 
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ever,  in  connection  with  the  use  of  equations  of  correlatives,  we  use  the  formula  for  the  mean 
error  m  =  ^  ^  ^  when  =  the  number  of  conditions  which  had  to  be  strictly  satisfied.  We  find 

V  ne 

w  =  ±  4''.44,  hence  the  probable  error  of  a  zenith-distance  =  ±  3".(K).  Tliis  amount  is  princi¬ 
pally  due  to  variations  in  refraction  and  subordinately  only  to  errors  of  observation;  supposing, 
however,  an  equality  of  effect  from  these  two  independent  sources  of  error,  each  would  be 

±  2".12,  a  small  value. 
v2 

To  compute  the  probable  error  e  a  in  any  measured  difference  of  height,  w  e  liave 

=  rf  «  arc  1" 

For  lines  occupied  only  at  one  end,  we  must  add  to  this  expression  the  effect  of  the  uncertainty  in 
the  aclopted  coefficient  of  refraction  or  =f  ~  the  value  of  previously  found  is  =t  0.0010;  hence 
the  formula 

SAA  =  arc  1" 

The  value  of  for  each  line*  is  given  in  the  following  table: 


i  Measured 
!  difference  i 
1  of  height. 

Probable 

error. 

Measured 
difference  | 
j  of  height.  1 

Probable 
[  error. 

1  Measured 
j  difference  i 
1  of  height.  ' 

Probable 

error. 

1 

;  _  i 

j 

1  hi  — hi 

m. 

±0.239 

1 

A* — ht 

m. 

'  ±0. 477 

1 

As  —As 

// 

±0.701 

hi  —  ht 

.258 

1  ht-ht 

.221 

As  — As 

.481 

! 

hi  —  ha 

.237 

j  ht  —  As 

.467 

As  — As 

.652 

ht  —  hi 

.502 

As  — As 

.386 

As— As 

.563 

ht — As 

.367 

ht  —  hi 

.644 

As  — As 

.607 

A«  —  As 

.354 

1  ht  —  hi 

.605 

1  As  —As 

.463 

hi — A|o 

.323 

j  As  —  As  ' 

.501  1 

1  As  —As 

.487 

//  //  ! 

ht — Aio 

.648 

As — Aio  1 

.502 

Aio —  As 

1  .332  T  0.081  =±0.342 

! 

i 

As  — ht  1 

.887  T  0.585=  ±  1.063  J 

If  =  x)robable  error  of  height  of  any  one  startmg  point  and  =  probable  error  of  differ¬ 
ence  of  height  of  a  point  determined  from  it,  then  the  probable  error  of  this  last  point  will  be 
given  by 

We  now  compute  the  probable  error  in  height  of  each  point  successively  (and,  if  need  be,  by 
sucicessive  approximations),  commencing  with  the  first  one  of  knowui  height  (generally  given  by 
spirit-level),  next  taking  that  adjacent  point  which  is  best  determined  from  it,  and  so  on,  always 
selecting  the  points  in  the  order  of  least  error,  mainly  depending  on  shortness  of  side  and  on 
number  of  connections,  with  other  surrounding  points  already  disposed  of.  Owing  to  the  mutual 
support  of  two  or  more  connected  points,  it  will,  in  general,  be  necessaiy  to  determine  first  a  pre¬ 
liminary  probable  error  for  each.  Let  ea  .  .  .  equal  the  probable  errors  obtained  for  the 
same  point  from  a  number  of  surrounding  points  and  connected  with  it,  then,  under  the  supposition 
that  the  several  determinations  are  independent  of  each  other,  the  probable  error  of  its  height 
will  be 


7; 


e*l  +  +  £*3  +  ■  •  •  •  ’ 


or,  by  making  use  of  the  w' 


,  its  weight 


will  be  w 


=  Wi+W2  +  W2+... 


•  The  average  distance  being  nearly  33  kilometers,  the  average  probable  error  of  a  difterence  of  height  becomes 

4.  0“.487 ,  which  is  nearly  of  the  horizontal  distance. 

brUOO 
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his  formula,  however,  must  be  used  with  great  caution,  since,  in  reality,  the  probable  errors 
assigned  to  stations,  preceding,  do  not  generally  possess  such  independence  as  it  supposes ;  in  fact, 
this  independence  occurs  only  exceptionally.  In  all  cases  where  the  mutual  interlacings  of  the 
differences  of  heights  are  disregarded,  the  above  formula  would  lead  to  erroneous  and  contradictory 
probable  errors ;  for  instance,  such  as  giving  a  smaller  probable  eiTor  to  a  subsequent  station  than 
the  probable  error  of  a  preceding  station  on  which  it  depends. 

On  the  other  hand,  if  we  advance  from  station  to  station,  along  a  direct  and  single  route  by  the 
combination  of  e*  CA/m  &c.,  and  finally  for  the  last  station  com  bine  the  starting — and  the  accu¬ 
mulated  probable  errors  or  should  fall  into  the  error  of  neglecting  the  mutual  support 

given  each  height  by  those  surrounding  it;  in  other  words,  we  should  neglect  the  effect  of  all  other 
routes  besides  the  direct  one  used,  and  our  probable  error  would  necessarily  be  too  large;  whereas 
jn  our  first  supposition  of  independence  of  data  the  resulting  probable  error  would  be  too  small. 
It  will  thus  be  seen  that  a  judicious  combination  of  the  two  ways  of  arriving  at  an  approximate 
evaluation  of  the  probable  uncertainty  in  the  heights  assigned,  must  be  made  by  the  computer,  who 
will  be  guided  by  special  considerations,  meeting  the  exigencies  of  special  cases  as  they  present 
themselves. 

The  probable  error  £7,  or  that  of  Stone  Mountain,  which  depends  on  a  leveling  operation,  is 
common  to  all  the  heights,  and  has  been  estimated  to  equal  ±  0"*.3o  ;  it  will  be  added  at  the  end  to 
the  relative  probable  errors  found  as  follows: 

For  each  of  the  three  base-line  stations  the  probable  error  must  be  the  same,  since  we  consider 
the  spirit-leveling  perfect  in  comparison  with  measures  of  vertical  angles  ;  it  is  therefore  equivalent 
to  the  combination  of  three  measures  for  the  same  point,  having  the  probable  errors 


hence — 


±0“.239  d:0“.258  ±0“.237; 


£  =  ±  0“.141, 


which  answers  for  Southwest  Base,  for  Middle  Base,  and  for  Northeast  Base.  The  next  best  deter¬ 
mined  height  is  Sweat  Mountain,  having  three  lines  to  it,  each  shorter  than  the  corresponding  lines 
to  Kenesaw. 


Sweat  Mountain, 


From  Stone  Mountain 
From  Southwest  Base 
From  Northeast  Base 


m,  m. 


m. 


±  0.000  ±  0.592  =  ±  0.592 
±  0.141  i  0.354  =  ±  0.382 
±  0.141  ±  0.367  =  i  0.393 


where  the  first  probable  error  is  that  of  the  starting  station,  the  second  that  of  the  measured  differ¬ 
ence  of  height,  and  the  third  the  resulting  probable  error  of  Sweat  Mountain  by  each  of  the  three 
converging  lines.  Combining  the  above  three  values  we  obtain  the  first  approximation, 


Similarly : 


£5  =  i  0™.249. 
Kenenaw. 


From  Stone  Mountain .... 
From  Southwest  Base. . . . 
From  Northeast  Base  . . . . 


±0”.000  ±0*«.644 
±0“.141  ±0“\386 

±0"“.141  db0“.467 


±0™.641  1 
±6™  I  1  ? 
rfcO®.  148' 


First  approximation, 

£4  =  ±  0“.282. 


Now,  introducing  this  fourth  line,  Kenesaw  to  Sweat,  we  fihve  for  Kenesaw  and  the  measured 
difference  it0™.282  it0“.221  =it0*".358,  and  combining  this  with  the  first  three  values,  we  obtain 
finally  £5=it0“.204. 

Similarly  for  Kenesaw:  For  Sweat  and  the  measured  difference  ±0“.249  ±0™.221  =  ±0“.333; 
hence  from  4  converging  lines  £4=±0“.215. 
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We  n^xt  trect  Sawnee  and  Academy,  and  lastly  Pine  Log  and  Grassy,  with  the  following 
results: 


Stone  Mountain . 
Southwest  Base 
Middle  Base .  - . 
Northeast  Base . 
Sweat  Mountain 

Kenesaw . 

Academy . 

Sawnee . 

Pine  Log . 

Grassy . 


Prob.  error  relative 
to  Stone  Mountain. 
m. 

±  0.000 
0.141 
0.141 
0.141 
0.204 
0.215 
0.209 
0.266 
0.301 
0.332 


1  prob.  error 
height. 


ADDITIONAL  REMARKS  AND  EXAMPLES  FOR  ADJUSTMENT  OF  HEIGHTS  MEASURED  UNDER 
CONDITIONS  DIFFERENT  FROM  THOSE  OBTAINING  ABOVE. 

To  render  this  communication  more  genemlly  useful  the  following  examples  of  adjustment  are 
introduced,  suiting  other  conditions  or  requirements  than  those  subsisting  in  the  x  ertical  measures 
treated  above. 

(u.)  Determination  of  a  correction  to  an  assumed  value  of  the  coefficient  of  refraction  to  bo 
found  from  the  conditions  among  the  measured  differences  of  height. 

In  this  case  it  is  essential  that  the  connecting  lines  (horizontal  distances)  should  vary  greatly 
in  length.  The  weight  of  any  measured  difference,  J/i,  diminishes  with  increasing  distance  and 

may  be  taken  proportional  to  -,  but  with  respect  to  the  coefficient  of  refraction  the  weight  will  be 

s 

inversely  proportional  to  the  square  of  the  distance  (see  preceding  formula  for  e  ),  showing  how 
rapidly  with  increase  of  distance  any  error  in  m  will  affect  injuriously  the  value  of  JA,  for  which 
reason  it  has  been  found  necessary,  for  refined  work,  to  keep  the  distance  between  vertical  angle- 
stations  confined  within  certain  practical  limits.  Very  accurate  results  may  be  had  if  the  distances 
do  not  exceed  24  kilometers  (about  15  sbitute  miles),  and  satisfactory  results  may  yet  be  expected 
with  limits  inside  of  40  and  even  50  kilometers  (25  and  31  statute  miles  respectively).  Beyond 
these  limits  the  value  of  the  work  may  be  improved  by  increasing  the  number  of  days  of  observa¬ 
tions  (always  confined  within  the  favorable  hours  of  the  day),  and  by  increasing  the  number  of 
conditions  or  links  and  by  simultaneous  reciprocal  observations,  or  generally  by  spirit-level  checks. 

We  cull  the  following  example  from  measures  already  employed. 

*  Given,  difference  of  height  A3  —  A2  =  -H  7“.684  by  spint- level. 

hi  =  513™.948  absolute  height  above  half-tide  level  of  the  ocean,  and  the 
\  \  following  6  measured  zenith-distances,  as  shown  in  the  annexed  cut: 


At  station  3: 

n. 

Corr^n. 

:  to5 

890  39'  51".7 

1 

At  station  5: 

:to2 

900  33/  37//.2 

1 

to  7 

900  09/  37//.0 

1 

Va 

At  station  7 : 

:  to2 

900  41/  56''.8 

2 

to  3 

900  43'  20".8 

2 

Te 

to  5 

900  08'  58".9 

2 

also  log.  distances  (expressed  in  meters)  and  log.  curvature. 


Digitized  by 


Google 


38] 


REPORT  OF  THE  SUPERINTENDENT  OF 


2  . 

.  5 

log.  8. 

4.38683 

log. 

6.80370 

3  . 

.  5 

4.40149 

6.80448 

2  . 

.  7 

4.24947 

6.80473 

3  . 

.  7 

4.21274 

6.80364 

5  . 

.  7 

4.60988 

6.80414 

With  »»  =  0,0716 -I-  Vo  and  the  above  values  of  C  we  compute  the  diflerences  Jh,  also  thecoeffl- 

cieiits  8  8in  1"  and  — ,  and  find 
P 

m. 

r  As  -  Aa  =  +  190.40  -  0.1222  Vx  -  99.05  ro 
As  -  /^2  =  +  108.29  -  0.1181  -  93.82 

As  —  A^  r=  +  5.29  —  0.1975  —  260.38  i?o 

I  A7  -  As  =  -  2.23  +  0.1975  +  260.38  Vo 

A^  -  A2  =  +  195.50  -  0.0861  -  49.45  ro 

,  A7  -  Aa  =  +  187.83  -  0.0791  -  41.86  i7n 

The  circuits  2,  3,  7 ;  2,  5,  3,  and  2,  5,  7,  and  the  measures  at  the  ends  of  the  line  5  .  .  7  fiimish 
the  following  four  conditional  equations  in  which  the  value  V  =  100  Vq  has  been  introduced  to 
facilitate  the  numerical  work: 

Conditional  equations: 

0  =  +  0.014  +  0.0759  V 
0  =  4.  0.206  +  0.0633  V  +  0.1222  Vi 
0  =  -  2.500  +  2.1651  V 
0=4  3.060 


4-0.0861  rs- 0.0791  re 

-  0.1181  r2 

-  0.1181  V2  +  0.1975  ro  4-  0.0861  rs 

-  0.1975  ra  +  0.1975  lu 


If  we  do  not  intend  to  introduce  special  weights  with  respect  to  number  of  observations  or 
days  of  obser\'ation,  that  is,  if  we  supi>ose  =  1,  we  may  complete  the  process  of  computation  by 
forming  the  equations^  of  correlatives  and  the  nonnal  equations  and  their  solution  will  give  the 
following  values  and  results : 


and 


Ci  =  -  4.172 
C2  =  -  8.544 
C:,  =  4.  0.6283 
C4  =  -  38.91 


r  V  =  4-  0.503 
^  ^0  =  4"  O.OOoO 
I  m  =  0.0766 


- 1.04 
V2  =  +  0.93 
“Ta  =  4"  7.81 
^4  =  —  7.68 
rs  =  —  0.31 
I  re  =  40.33 


^  As  -  Aa  =  4-  100.031 
As  —  A2  ^  4  10 i 15 
As  -  A;  =  4-  2.438 

'  A,  -  As  =  -  2.4.U 

h,-h=  +  195.279 
A7  _  As  =  + 187.695 


s 


At  =  513.048 
'5  =  516.385 
Aa  =  326.353 
A,>  =  318.669 


But  if  si»ecial  weights  are  to  be  introduced  depending  on  number  of  observations,  we  have 
first  to  eliminate  V  from  the  above  conditional  equations  and  find — 


(0  =  4  0.2330  4-  0.1465  r,  -  0.1416  -  0.0861  rs  4  0.0791  rg 

<  0  =  4  2.8994  +  0.1181  V2  —  0.1975  +  2.3700  rs  -  2.2564  Ve 

(  0  =  4  3.0600  -  0.1975  ra  4-  0.1975  r4 

hence  the  equations  of  correlatives  and  normal  equations: 
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Correlatives. 


1 

n 

1  I' 

c. 

1 

i  '  ! 

Vi  1  +0.1465 

1 

V2  1  — 0.1416 

+0.1181 

0.5 

V3  ! 

-0.1975 

1 

1 

0.5 

Vs  1  —0.0861 

+2.3700 

0.5 

1  Ve  1  +0.0791 

-2.2564 

Normal  equations. 

'  0  =  +  0.2a30  +  0.04a35  C,  —  0.00799  C* 

[  0  =  +  2.8994  -  0.20799  C,  +  5.387.57  +  0.019.50  0, 

:  0  =  +  3.0600  +  0.01950  Cj  +  0.05851  Cj 


-0.1975 

+0.1975 


.  0  =  +  3.0600 

•  Cl  =  -  7.5823 
[  Ca  =  -  0.6424 
Cr.  =  -  52.084 


/r,  =-  1.11 

I  =  +  1.00 

H'3=+  .5.21 
W=-  10.29 
/v,  =  -  0.43 
'  I'B  =  +  0.42 


Comparing  these  values  with  the  corresponding  preceding  ones,  we  notice  but  trifling  changes 
excepting  in  ^3  and  1^4,  on  which  the  introduced  weights  have  acted  most  conspicuously. 

To  find  the  value  of  Y  we  may  substitute  in  any  one  of  the  original  conditional  equations,  the 
third  gives  Y  =  +  0.70,  hence  Vo  =  +  0.0076  and  m  =  0.0792. 

m. 

Finally,  we  have  7h  =  513.95  nearly. 

h  =  516.24 
h  =  326.46 
=  318.78 

(b.)  Cases  wiU  often  occur  in  practice  which,  from  their  nature,  do  not  require  any  very  refined 
and  laborious  process  of  adjustment;  we  may  be  satisfied  with  a  moderate  degree  of  approxima¬ 
tion  to  .the  most  probable  values  in  cases  of  vertical  measures  in  tertiary  triangulation,  or  in 
hypsometric  reconnaissances,  or  even  in  plane-table  practice  for  the  location  of  contour  lines. 
Excepting  the  reconnaissances,  the  sides  will  then  be  so  short  that  any  small  defect  in  the  adopted 
value  of  the  coefficient  of  refraction  will  have  no  sensible  influence  on  the  resulting  difference  of 
heights. 

We  may  therefore  assume  that  the  value  of  m  is  sufficiently  well  known  to  require  no  further 
improvement,  and  may  operate  directly  on  the  computed  differences  of  heights,  still  employing 

fi  1  itfi, 

suitable  weights  according  to  the  formula  -  or  the  formula  -. - '  ,  the  first  for  measures  of  a 

s  8  n  +  n, 

zenith-distance  at  one  end  of  a  line,  the  second  for  zenith-distances  at  both  ends.  Oiu'  principal 
object  will  be  to  disperse  the  existing  small  contradictions  in  the  computed  differences  and  thus  to 
render  them  consistent  among  themselves. 

Resuming  the  above  example,  and  supposing  the  differences  of  height,  deduced  from  the 
measures,  subject  to  corrections  ri  r2 .  .  . 

We  have  given : 


(  h-  =  513.948  and'  h  —  h  =  +  190.40  -f  Vj,  also  ?r  = 

\  h2  —  ^2  =  “b  ^*684  V  - 

\h-h=  +  l9S.2d  +  V2 


jhr,  —  A-  =  4-  5.29  -f  r:, 

< 

—  ^5  =  —  2.23  -|-  r4 

i  —  li2  =  “b  19o.o0  “b  ^V> 

\  hi  —  /13  =  -j-  187.8,1  4"  Cj; 
8  lH*ing  expressed  in  kilometei's. 


n  _  1 

8  “  25.20 
1 

24.37 

2 

4b7r3 

1 

40.T3 

2 

17.76 

2 

i(».;i2 


V 
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Equations  of  correlatives. 


Conditional  equations. 

■  0  =  —  0.014  +  Vi  —  vg 

)  0  =  —  0.206  +  fi  —  Vi 

)  0  =  +  2..500  —  +  Vj  4-  Vi 

.0  =  -  3.060  -  I’a  -  Vi 


=  -  I 

n 

1 

1 

! 

c. 

C3 

C3 

25.20 

1 

Vi  1 

1 

+  1 

24.37 

r2 

-  1 

-  1 

20.36 

r3  ' 

+  1 

40.73 

V4 

1 

1 

8.88 

V5  1 

+  1 

+  1 

8.16 

Ve  . 

-  1 

1 

Ci 


-  1 
-  1 


Normal  equations. 

■  0  =  -  0.014  +  17.04  C,  +  8.88  Cj 

)  0  =  -  0.206  +  49..57  Cj  +  24.37  Cj 

1 0  =  +  2.500  +  8.88  C,  +  24.37  C,  +  53.61  C3  -  20.36  C4 


0  =  -  3.060 


'  Cl  =  +  0.02822 

)C2=  +0.03001 
)C3=  -0.05258 
C4  =  +  0.03256 


Hence — 


-  20.36  C3  +  61.09  C4 

m, 

i?i  =  +  0.756 
V2  =  +  0.550 
^3  =  -  1.733 


and 


m. 

^^4  =  -  1.326 
=  -  0.218 
iJe  =  -  0.231 


m. 

'»,  =  513.948 
>*3  =  517.505 
>*3  =  326.349 
.*3  =  318.665 


hi  -  *3  =  +  191.156 
y  *5  _  *3  =  +  198.840 
/15  —  3.5t>7 

3.556 

A,  -  ^2  =  4.  195.282 
+  187.599 

This  last  method  recommends  itself  by  its  comparative  simplicity  and  tolerable  approximation  to 
close  accuracy.  By  omitting  weights  the  results  would  lose  considerably  in  value ;  although  unity 

may  be  substituted  for  n,  the  fac  'oi  ^  should  never  be  omitted. 

The  following  tables  for  log  M,  log  N,  and  log  p  are  appended  to  facilitate  computations  of 
heights.  They  depend  upon  the  formulae 

1  —  2m 
2^ 

Eadius  of  curvature  in  meridian  —  ^  ^ — 

(1  —  sin* 


M  = 


N  =  1  —  m 


a* -5* 


Radius  of  curvature  perpendicular  to  it - ^ - , 

(l-6*sin*v?)* 


Radius  of  curvature  in  azimuth  «• 
where 


(1  —  e*  +  6*  cos*  a  cos*  V?)  (1  —  e*  sin* 

a  =  6378206  meters  log  a  =  6.8046985 

b  =  6356584  meters  log  b  =  6.8032238 

log  e*  =  7.83047 

See  Comparisons  of  Standards  of  Lengths,”  etc.,  by  Capt.  A.  R.  Clarke,  R.  E.,  London, 
1866,  p.  287. 

•  In  terms  of  radius  of  meridian  pm  and  of  perpendicularity  pp,  the  radius  of  curvature  in  azimuth  equals 

Pm  Pp _ .  ^  Pop90 


Pa- 


= - ^  ;  also  oau  =  — ^ 

Pm  Sin*  a  -h  pp  COS*  a  po  + 


Pw 
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Table  of  log  M  and  log  N. 


Log  M. 

A 

Log  N. 

m 

Log  M. 

A 

Log  N. 

0.050 

9. 65321 

96 

9.078 

0.  080 

9.  62325 

104 

9.  964 

1  51 

65225 

77 

81 

62221 

63 

52 

65128 

77 

82 

62118 

63 

53 

65031 

76 

83 

62014 

62 

54 

64933 

97 

76 

84 

61910 

105 

62 

61 

55 

64836 

75 

85 

61805 

'  66 

64738 

75 

; 

61700 

61 

57 

64640 

75 

87 

61.595 

60 

58 

64542 

74 

88 

61490 

106 

00 

59 

64444 

74 

80 

61384 

60 

0.060 

9.64345 

9.973 

0.090 

9.  61278 

106 

9.  959 

61 

64246 

73 

!  91 

61172 

59 

62 

64147 

72 

92 

61066 

58 

63 

64048 

72 

1  93 

609.59 

•58 

64 

63949 

1  100 

71 

^ 

60853 

107 

57 

65 

1  63849 

71 

95 

60746 

57 

66 

63749 

70 

96 

60638 

56 

67 

1  63649 

70  i 

97 

60.531 

56 

68 

'  63548 

100 

69 

!  98 

60423 

108 

55 

69 

63448 

69 

99 

60315 

1 

55 

0. 070  1 

9.  63347 

101 

9.968 

I  0.100 

9.  60206 

•  9.954 

71 

72 

63246  1 

63144  ' 

68 

68 

73  ' 

'  63043  1 

67  : 

74 

1  62941 

102 

67 

75 

62839  , 

66 

76 

62737 

66  1 

77 

62634 

65 

78 

1  62531 

103 

65 

79 

62428  1 

1 

64 

S.  Ex.  37 - 49 
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lahle  of  logarithms  of  radius  of  curvature  to  the  earth^s  surface  for  various  latitudes  and  azimuths^ 
based  iqyon  darkens  ellipsoid  of  rotation  (1866),  and  for  metric  unit. 


Azimuth. 

LATITUDE. 

22° 

23° 

24° 

250 

26° 

270 

280 

290 

300 

310 

o 

Meridian .  0 

6.802368 

6.  802423 

6.  802479 

6.  802537 

6.  802597 

6. 802659 

6.802722 

a  802786 

6.802852 

6.802919 

5 

2387 

2442 

2498 

2556 

2615 

2676 

2739 

2803 

2869 

2936 

10 

2444 

2498 

2553 

2610 

2669 

2730 

2791 

2854 

2919 

2985 

15 

2538 

2590 

2644 

2699 

2756 

2815 

2875 

2937 

3000 

3064 

20 

2664 

2714 

2766 

2820 

2875 

2932 

2990 

3050 

3111 

3173 

25 

2820 

2868 

2918 

2969 

3022 

3076 

3131 

3188 

3246 

3306 

30 

3001 

3046 

3093 

3142 

3192 

3243 

3296 

3350 

3405 

3461 

35 

3201 

3244 

3288 

3333 

3380 

3428 

3477 

3528 

3580 

3632 

40 

3414 

3454 

3495 

3537 

3580 

3625 

3671 

3718 

3766 

3815 

45 

3635 

3672 

3709 

3748 

3788 

3829 

3871 

3914 

3958 

4003 

50 

3856 

3889 

3923 

3958 

3994 

4031 

4070 

4109 

4150 

4191 

55 

4060 

4090 

4130 

4162 

4195 

4229 

4264 

4300 

4337 

4374 

60 

4271 

4297 

4325 

4354 

4384 

4415 

4446 

4479 

4512 

4546 

65 

4451 

4475 

4500 

4527 

4554 

4582 

4610 

4640 

4669 

4700 

70 

4608 

4630 

4653 

4678 

4702 

4727 

47.53 

4780 

4807 

4835 

75 

4734 

4755 

4776 

4799 

4822 

4845 

4869 

4893 

4918 

4943 

80 

4828 

4847 

4867 

4888 

4909 

4931 

4953 

4976 

4999 

5023 

85 

4886 

4904 

4923 

4943 

4963 

4984 

5006 

5027 

5049 

5073 

Perpendicular  90 

4905 

4923 

4942 

4961 

4981 

5002 

5023 

5044 

5066 

5089 

Azimuth. 

LATITUDE. 

320 

33° 

34° 

350 

360 

370 

380 

390 

400 

410 

o 

Meridian .  0 

6. 802988 

6.  803058 

6.  803129 

6.  803201 

6.  803274 

6.  803348 

6.  80:i422 

a  803497 

a  803573 

a803650 

5 

3004 

3074 

3145 

3217 

3289 

3362 

3436 

3511 

3586 

3662 

10 

3052 

3120 

3100 

3261 

3332 

3405 

3478 

3552 

3626 

3701 

15 

3130 

3197 

3265 

3334 

3404 

3475 

3546 

3618 

3690 

3763 

.  20 

3236 

3300 

3366 

3432 

3500 

3568 

3637 

3706 

3776 

3847 

25 

3367 

3428 

3491 

3554 

3619 

3684 

3749 

3815 

3882 

3949 

30 

3518 

3576 

3636 

3696 

3757 

3818 

3880 

3943 

4006 

4070 

35 

3686 

3740 

3796 

3852 

3009 

3967 

4025 

4083 

4142 

4202 

40 

3864 

3915 

3967 

4019 

4072 

4125 

4179 

4234 

4289 

4344 

45 

4049 

4095 

4143 

4191 

4239 

4288 

4338 

4388 

4439 

4490 

50 

4233 

4276 

4319 

4.363 

4407 

44.52 

4498 

4544 

4590 

4636 

55 

4412 

4451 

4490 

4.530 

4570 

4611 

4652 

4694 

4736 

4778 

60 

4.580 

4615 

4650 

4686 

4723 

4760 

4797 

4835 

4873 

4911 

65 

4731 

4763 

4795 

4828 

4861 

4894 

4928 

4962 

4996 

5031 

70 

4863 

4892 

4921 

4950 

4980 

5010 

5041 

5072 

5104 

5135 

75 

4969 

4995 

5022 

5049 

5076 

5104 

5133 

5161 

5190 

5219 

80 

5047 

5072 

5097 

5122 

5148 

5174 

5201 

5227 

5254 

5281 

85 

5096 

5119 

5143 

5168 

5192 

5217 

5242 

5268 

5294 

5319 

Perpendicular  90 

5112 

5135 

5159 

51  a3 

5207 

5231 

5256 

5281 

5307 

5332 
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Table  of  logarithms  of  radius  of  curmture  to  the  earWs  surface  for  various  latitudes  and  azimuths^ 
based  upon  darkens  ellipsoid  of  rotation  (186G),  and  for  metrie  unit — Coutinued. 


LATITUDE. 


Azimuth. 


(  420 

430 

440 

450 

46° 

470 

480 

490 

.500 

510 

Meridian  ....  0 

6. 803726 

6.803803 

6.803880 

6.803957 

6. 804035 

6.  804112 

6  804189 

6.  804265 

6  804342 

6  804418 

6 

3739 

3815 

3892 

3968 

4045 

4122 

4199 

4275 

4351 

4427 

10 

3775 

3850 

3926 

4001 

4077 

4153 

4228 

4303 

4378 

4452 

15 

3835 

3908 

3982 

4056 

4130 

4264 

4277 

4350 

4423 

4495 

20 

3917 

3988 

4059 

4130 

4201 

4272 

4343 

4413 

4484 

4554 

25 

4017 

4085 

4153 

4221 

4289 

4357 

4425  , 

4492 

4559 

4626  1 

30 

4133 

4197 

4262 

4327 

4391 

4455 

4519 

4583 

4647 

4710 

35 

4262 

4322 

4382 

4443 

4503 

4563 

4623 

4683 

4743 

4802 

40 

4400 

4456 

4511 

4567 

am 

4679 

4735 

4791 

4846 

4001 

45 

4541 

4592 

4643 

4695 

4747 

4798 

4849 

4900 

4951 

5002 

50 

4683 

4730 

4777 

4824 

4871 

4918 

4965 

5012 

5058 

5104 

55 

4820 

4862 

4905 

4948 

4991 

5033 

5076 

5118 

5161 

5203 

60 

4949 

4987 

5025 

5064 

5104 

5143 

5181 

5219 

5257 

5-295 

65 

5066 

5100 

5135 

5170 

5205 

5240 

5275 

5310 

5345 

5379  j 

70 

5166 

5197 

5229 

5261 

5293 

5325 

5357 

5389 

5420 

5451 

1  75 

5248 

5277 

5307 

5335 

5364 

5394 

5423 

5452 

5481 

5510  j 

1  80 

5308 

5335 

5363 

5390 

5417 

5445 

5472 

5499 

5526 

5553 

1 

-85 

5345 

5371 

5397 

5424 

5450 

5476 

5502 

5528 

5554 

5579  1 

1  Perpendicular  90 

5358 

5383 

5409 

5435 

5460 

5486 

5512 

5537 

5563 

5588 

LATITUDE. 

1  jLzimuin. 

52P 

530 

540 

1  550 

66=> 

570 

580 

590 

600 

t 

j  Meridian . 

o 

.  0 

6.804493 

6.804567 

6.804641 

6.804714 

6  804786 

6  804658 

6.804928 

6  804997 

1 

6  805064 

t 

5 

4502 

4576 

4649 

4722 

4794 

4865 

4934 

5003 

5070 

10 

4526 

4599 

4072 

4743 

4814 

4884 

4953 

5021 

6087 

15 

4568 

4639 

4710 

4779 

4848 

4915 

4983 

5049 

5114 

20 

4624 

4693 

4761 

4828 

4894 

4959 

5025 

5089 

5151 

25 

4692 

4758 

4823 

4888 

4951 

5014 

5076 

5137 

5197 

30 

4773 

4835 

4896 

4957 

1 

5017 

5076 

1  5135. 

5193 

5249 

35 

4861 

4919 

4977 

5034 

5090 

5146 

5201 

5254 

5306 

1 

40 

4955 

5009 

5063 

5116 

5168 

5219 

5270 

5320 

5370 

45 

5052 

5101 

5151 

5199 

5247 

5295 

5342 

5388 

5432 

50 

5150 

5195 

5240 

5284 

5328 

5372 

5415 

5457 

5498 

1 

55 

5244 

5285 

5326 

5367 

5407 

5446 

I  5485 

5523 

5560  1 

1 

60 

5333 

5370 

5407 

5443 

1 

5480 

5516 

5550 

5584 

5619  * 

65 

5413 

5446 

5480 

5513 

5546 

5578 

5610 

5641 

5671  1 

70 

5482 

5513 

5543 

5573 

5603 

5633 

5661 

5689 

5717  1 

75 

5538 

5566 

5594 

5621 

5649 

5676 

5702 

5728 

5754  j 

80 

5579 

5606 

5632 

5657 

5683 

5708 

[  5733 

5757 

5781 

85 

5604 

5630 

5655 

5679 

5704 

5728 

5752 

1 

5775 

5798 

Perpendicular . 

. 90 

5613 

5638 

5663  ! 

5687 

5711 

5735 

5758 

5781 

5804  • 

Not*. — The  dimeusions  of  the  earth  are  not  sufficiently  well  known  to  render  the  sixth  place  of  decimals  in  the  valne  of  log  p  reliable. 
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APPENDIX  No.  19. 

IIYPS(  METPJC  FORMULA  BASED  UPOK  THERMODYNAMIC  PRINCIPLES. 


[May  30, 1878.] 


The  application  of  the  djTiamical  theory  of  heat  to  barometric  measurement  of  heights,  though 
dating  back  but  a  few  years,  appears  promising  even  in  its,  as  yet,  restricted  use,  and  the  barometric 
fonnulte  at  present  ordinarily  employed  may  possibly  in  the  course  of  time  be  superseded  by  it. 
As  a  supplement  to  the  paper  Apj>endix  No.  16  of  this  Report,  I  have  thought  that  a  brief 
account  of  the  theory  and  a  test  of  the  same,  using  the  reliable  data  furnished  in  that  Appendix, 
might  be  both  instructive  and  of  practical  value. 

Two  important  papery  on  the  subject  have  been  published  by  Prof.  A.  Weilenmann,  from  the 
latter  of  which,  entitled  “Ueber  ein  abgeiindertes  Aneroidbarometer  und  Beziehung  zwischeu 
Luftdnick,  Temperatur  und  Hdhe  in  der  Atmosphare  ”  ( Vierteljahrschrift  der  Schweizer  Natur- 
forschenden  Gesellschaft,  Zurich,  1876),  the  following  account  has  been  prepared: 

Let  Q  represent  the  total  heat  contained  in  a  kilogramme  of  gas,  E  the  dynamical  equivalent  of 


a  unit  of  heat  or  423.5  expressed  in  kilogramnjetres,  and  put  A  = 


1 

E 


also  let  T  =  absolute  temper¬ 


ature  or  —  2730  for  the  centigrade  scale,  c  =  specific  heat  of  gas  at  constant  pressure,  p  =  total 
external  pressure,  v  =  volume  of  a  unit  of  weight  and  R  a  constant  for  each  particular  gas,  then 
the  fundamental  thermodynamic  equations  are 


dQ  =  c<ZT-ART^^ . (1) 

P 

=  . (2) 

If  dh  represents  an  infinitely  small  change  of  height  then 

dh  =  —  dp,  hence  d  Q  =  c  dT  +  A  . (3) 

P 

From  these  equations  Professor  Weilenmann  deduces  the  following  hypsometric  formula: 


A  {h  -  A.)  =  c  T,  [l  -  )  *  “c  +  Q.  -  Q, . (4) 

where  hi  and  hi  the  heights  above  the  half-tide  level  of  the  ocean  of  two  places  in  the  same  verti¬ 
cal,  Pi  and  pi  the  corresponding  pressures  of  the  atmosphere,  T]  the  absolute  temperature  of  the 
air  at  the  lower  station,  and  Qi  and  Q2  the  sibsolute  quantity  of  heat  contained  in  one  kilogramme 
of  air  at  the  lower  and  upper  stations  respectively. 

Under  the  supposition  that  on  clear  days,  especially  in  summer  on  afternoons,  and  when  no 
condensation  of  vapor  takes  place,  the  intervening  column  of  air  neither  loses  nor  gains  heat,  the 
expression  (4)  changes  into  the  simple  form 

=  . ,r,) 

In  Appendix  No.  16  of  this  Repoi*t,  referred  to  above,  this  lemarkable  constancy  of  the  temp¬ 
erature  of  the  atmospheric  column  is  shown  to  hold  by  means  of  the  inversion  of  the  barometric 
formula. 

A  and  R  change  slightly  with  the  geograi)hical  latitude  and  with  the  altitude,  A  R  remaining 
constant,  R  and  c  change  slightly  with  the  humidity  of  the  air.  These  relations  are  expressed  by 


^  _  _ ^0  _ 

(1  +  /9  cos  2  {p  Jp  hi)  {p  +  hi) 

li  =  (1  +  cos  2  (/L±M(^L±A)  (1  +  0.378  p 

c  =  Co +  0.1511 - 
P 


(H) 
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where  n  =  vapor  pressure  of  the  air  expressed  in  millimetres  of  mercurial  column,  <p  =  the 
latitude,  p  =  the  earth’s  radius ;  Ao  and  Rq  answer  for  latitude  45^  and  for  the  sea-level.  For  dry 

air  c  =  0.23751.  For  the  earth’s  radius  we  can  take  p  =  6366200,  also  Aq  =  and  Rq  =  29.280  for 
metric  units ;  P  =  0.002626  according  to  Bessel. 

If  hi  and  &2  are  the  readings  of  a  mercurial  barometer  at  the  lower  and  upper  stations  respect¬ 
ively,  then 

Pi^bi{p  +  hy 

P2  h(p  +  hiy . 

and  for  the  aneroid  readings  Ui  and  at  the  lower  and  upper  sbitions 


Pi 

i>2 

Developing  expression  (5)  into  a  convergent  series  it  becomes 

j  (^y  ( I  p^y-. .  .i 

i?2L  2  c  Jh  6  V  c  /  V  P2y  J 
where  I  is  a  hyi)erbolic  logarithm. 

The  first  term,  or 

n  =  R  T,  j  ^ . 

.  pi 

which  for  the  mercurial  barometer  changes  into 


(8) 


(») 


(10) 


H  =  R  f  1  +  M  T,  log  . (14) 

V  P  ^  ^2 


M  being  the  multiplier  for  common  logarithms  or  2.302o85 
Put 

then  with  sufficient  accuracy 

8  =  29.280  (1  +  j9  cos  2  ,.)  (P±A')  (/L±A)  A  +  2  + 29.280 T, 

P  V  iO 

where 

hence 
and  finally 


^  (^1 +0.;{78  5^M  .  .  (15) 


”  _  1  /’[I  ,  ^2^ 

b  2  \bi  *2/ 

H  =  ST,log^» 

O2 


h 


1  A  H  .  1  /A  H\*  _  1  /A  H\:' 

2  c  Ti  6 A.  c  T,  J  24  V  c  Ti ) 


(16) 

(17) 


'J  24  V  c 

and  with  sufficient  accuracy  up  to  differences  of  height  of  4000  metres 

+  . . 

The  computation  is  facilitated  by  tabulation  of  Si  or  the  part  of  S  which  is  independent  of  the 
humidity  factor,  for  various  heights  and  temperatures  Ti. 

For  ordinary  application  we  have,  with  sufficient  approximation, 

log  S  =  tabular  value  of  log  Si  +  0.000004  J  T  +  0.103  ....  (21) 

The  table  for  Ti  =  275o  and  hi  =  500  is  as  follows: 


♦  =30° 

35° 

4(P 

450 

500 

55° 

60°  1 

m. 

0 

1.83047 

l.a3029 

1.  aioio 

1.82990 

1. 82970 

1.  82951 

1,82933  1 

1000 

r>4 

36 

17 

2997 

77 

58 

40 

2000 

61 

43 

24 

3004  1 

84 

65 

47 

3000 

68 

50 

31 

3011 

91 

72 

54 

4000 

75 

57 

38 

3018 

j  98 

78 

61 
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2  yc  29  280  T 

When  an  aneroid  is  used,  the  factor  - ^ - ^  in  the  expression  of  S  is  to  be  omitted.  For 

P 

A  A 

the  value  —  a  rough  approximation  only  is  needed,  we  may  put  log  -  =  7.9924  —  10. 
c  c 

Applied  to  the  case  of  Bodega  Head  and  Boss  Mountain,  California,  the  computed  difference 
of  height  for  the  hours  8,  9,  10,  11,  noon,  1,  2,  3,  4,  5,  are  597™.8,  601.6,  604.1,  604.5,  604.0,  604.7, 
604.2,  603.0,  602.7,  600.3,  respectively,  the  true  value  by  spirit-leveling  being  598*».7.  Compared 
with  the  best  results  from  the  ordinary  barometric  formula,  the  differences  appear  reduced  to 
nearly  one-half  of  the  old  residuals,*  yet  the  diurnal  variation  in  the  results  remains  strongly 
expressed. 

It  would  also  appear  that  the  new  formula  gives  the  true  difference  of  height  about  8J  a.  m. 
and  5J  p.  m. 

CHAS.  A.  SCHOTT. 

*  See  diagram^  page  353  of  this  Report. 
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APPENDIX  No.  20. 


[Reprinted,  with  additions,  from  the  United  States  Coast  Snrvey  Report  for  1871,  Appendix  No.  15.] 

ON  THE  ADAPTATION  OF  TRIANGULATIONS  TO  VARIOUS  CONDITIONS,  DEPENDING  ON  THE  CONFIG¬ 
URATION  OR  OROGRAPHIC  CHARACTER  OF  A  COUNTRY  AND  ON  THE  DEGREE  OF  ACCURACY 

AIMED  AT,  WITH  DUE  CONSIDERATION  OF  THE  TIME  AND  MEANS  AVAILABLE :  ALSO  NOTES  ON 

THE  METHOD. OF  OBSERVING  HORIZONTAL  ANGLES  AND  DIRECTIONS  IN  GEODETIC  SURVEYS. 

BY  CHARLES  A.  SCHOTT,  ASSISTANT  UNITED  STATES  COAST  AND  GEODETIC  SURVEY. 

Whatever  the  design  of  a  geodetic  operation,  whether  it  be  to  include  and  define  a  portion  or 
the  entire  surface  of  a  country,  or  only  its  coast  or  boundaries,  or  whether  its  purpose  be  to  meas¬ 
ure  arcs  of  the  meridian,  of  the  parallel,  or  inclined  arcs  (as  a  contribution  to  the  data  for  ascer¬ 
taining  the  figure  of  the  earth),  it  must  in  all  cases  be  based  upon  a  triangulation,  the  greater  or 
less  complexity  of  which  vdll  depend  chiefly  and  necessarily  on  the  hypsometric  features  of  the 
country  and  on  the  nature  of  its  surface. 

Geodesy  may  briefly  be  defined  as  one  of  the  applied  sciences  which  has  for  its  object  the 
determination  of  the  figure  and  size  of  the  earth  and  of  determining  geographical  positions  on  its 
surface,  usually  referred  to  three  co-ordinates,  viz,  latitude,  longitude,  and  altitude,  and  which  is 
occupied  with  problems  or  relations  between  such  points.  It  is  thus  distinguished  from  ordinary 
surveying,  which  excludes  astronomical  observations  and  within  circumscribed  limits  regards  the 
geometrical  surface  of  the  earth  as  plane  or  exceptionally  as  spherical. 

The  adaptation  of  a  triangulation  to  these  various  conditions,  while  at  the  same  time  paying 
proper  attention  to  accuracy,  economy,  and  rapidity  of  execution,  requires  special  considerations  in 
each  case.  Before  discussing  these  conditions  more  closely,  however,  it  will  be  advantageous  to 
refer  briefly  to  the  diflerent  kinds  of  triangulation.  For  the  sake  of  convenience  they  have  been 
classified  under  the  heads  primary,  secondarv ,  and  tertiary.  These  may  be  defined  as  follows : 

Primary  triangulation  is  characterized  by  the  majcimum  development  which  the  configumtion 
of  the  country  admits  of.  Its  sides  may  frequently  exceed  160  kilometers  (about  100  statute  miles) 
in  length,  while  they  rarely  descend  below  30  kilometers  (about  19  miles)  for  hilly  or  slightly  undu¬ 
lating  surfaces,  and  never  below  20  or  25  kilometers  (about  12  or  15  miles)  in  perfectly  level  coun¬ 
tries.  Primary  work  is  executed  with  the  greatest  possible  accuracy.  The  uncertainty  in  its 
resulting  linear  measures  may  be  less  than  about  tooVott  of  the  length,  and  is  rarely  as  great  as 
(which  represents  an  error  of  about  1  inch  to  the  mile).  To  reach  a  higher  standard  of 
excellence,  as  for  instance  even  a  smaller  fraction,  requires  the  application  of  the  most 

refined  means  at  our  disposal. 

Tertiary  triangulation,  which  should  be  accommodated  to  the  wants  of  the  topographer  and 
the  hydrographer,  practically  brings  its  sides  down  to  the  minimum  length  demanded  for  plane- 
table  work  on  a  large  scale  (between  about  toooo)*  iBay  be  as  short  as  or  2^ 

kilometers  (1  or  1 J  miles).  Ordinarily,  the  sides  vary  between  5  and  8  kilometers  (about  3  and  5 
miles).  In  this  work  an  uncertainty  of  ib  the  resulting  distances  is  commonly  considered  a 
lower  limit,  joooo  Biay  be  taken  as  upper  limit,  and  tooito  about  an  average  value. 
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Secondary,  or  the  intermediate,  triangnlation  simply  effects  a  connection  between  the  above 
extremes.  Its  accuracy  may  commonly  range  between  oo Jito  soooii  length. 

Any  one  of  these  classes  of  triangiilation  may  be  formed  of  a  distinct  or  separate  series  of 
combinations  of  triangles,  and  the  primary  class  always  does  so ;  or  the  secondary  and  tertiary  may 
cover  the  same  area  as  the  primary,  in  which  case  they  are  directly  checked  by  it.  Any  series  of 
triangles  (or  combinations  of  triangles)  designed  to  connect  two  distinct  positions,  such  as  opposite 
boundaries,  terminal  points  of  an  arc,  or  separate  branches  of  a  triangiilation — for  instance,  those 
running  along  a  coast  or  up  a  river — should  be  Laid  out  and  measured  as  a  main  ov  principal  series, 
along  which  distances  and  azimuths  are  carried  forward  in  the  most  accurate  (relatively)  and 
expeditious  manner.  The  termination  of  such  branches  is  usually  strengthened  by  the  measure 
of  a  check-base  and  of  an  astronomical  azimuth. 

If  a  country  is  to  be  covered  with  a  net  work  of  triangles  (or  combination  of  triangles),  the 
question  will  arise  how  to  arrange  these  in  the  most  effective  manner.  We  may,  for  instance, 
gradually  cover  the  whole  area  w  ith  contiguous  triangles — all  measured  w  ith  equal  care — taking 
advantage  of  the  surface  irregularities  so  as  to  expand  to  the  greatest  scale  practicable.  This  system 
has  the  disadvantage  of  leading  rapidly  into  an  unmanageable  number  of  conditions  to  be  satisfied 
in  the  adjustment  of  the  parts.  This  necessitates  the  parceling  out  of  the  net- work  into  certain  con¬ 
nected,  yet  in  a  measure  arbitrary,  figures,  not  too  extensive  to  be  separately  adjustable;  and  requires 
a  further  adjustment  to  remove  the  discrepancies  along  the  junction  or  boundary  lines  of  the  contig¬ 
uous  figures.  On  the  other  hand,  we  may  first  surround  the  surface  by  a  connected  series  or  chain 
of  primary  triangulations,  to  serve  as  a  frame  work  in  w  hich  other  primarj"  equidistant  and  parallel 
traverse  series  may  be  inserted  ;  and  after  adjusting  this  figure*  we  may  introduce  a  second  system 
of  parallel  series  of  subordinate  triangulation  at  right  angles  to  the  former  in  order  to  cut  or  sub¬ 
divide  the  inteijacent  (rectangularly-shaped)  areas  left  by  the  preceding  system,  and  we  may  continue 
such  subdivision  of  areas  until  the  wiiole  surface  is  covered  sufficiently  with  trigonometrical  sta¬ 
tions.  This  produces  the  so-called  gridiron  system.  In  adjusting  any  system,  the  preceding  one  upon 
which  it  depends  is  taken  as  not  subject  to  any  further  correction.  As  in  the  first  method,  every 
advantage  must  be  taken  of  the  natural  facilities  offered  by  the  ground,  and  sometimes  diagonal — 
or  tie — series  may  be  more  advantageous  than  rectangular  connections.  For  the  survey  of  a  coast¬ 
line  or  boundary,  w  e  may  run  a  main  series  on  more  elevated  ground  parallel  to  the  general  direc¬ 
tion  of  the  line,  and  select  for  it  the  most  suitable  ground.  Lateral  branches  at  intervals  may 
connect  the  main  series  with  the  coast  or  boundary.  A  series  of  triangles  following  a  mountain 
range  or  axis  of  elevation  may  advantageously  rest  with  one  side  on  the  crest  or  slope,  and  with 
the  other  on  the  i)lane  at  the  foot  of  the  elevation  ;  but  the  most  favorable  case  of  configuration 
is  that  of  a  valley  of  the  proper  width  in  comparison  with  the  relative  elevations  and  a  well-shaped 
triangulation  resting  on  the  crest  of  the  ranges  or  hills  on  each  side.  The  most  difficult  ground 
to  traverse  for  primary  triangiilation  is  heavily  wooded  parallel  ridges,  closely  packed  and  of 
nearly  equal  height,  running  at  right  angles  to  the  direction  of  the  triangiilation. 

The  general  direction  and  character  of  a  triangulation  having  been  decided  on,  we  have  next 
to  consider  its  composition.  A  series  may  be  formed  of  a  single  string  of  triangles,  of  a  double 
string  or  hexagons  (or  of  other  polygonal  figures),  of  quadrilaterals,  or  it  may  be  composed  of  any 
inegular  combination  of  triangles.  Since  any  of  these  systems  may  find  its  proper  application, 
according  to  circumstances,  a  somewhat  closer  examination  of  their  relative  merits  seems  to  be 
demanded. 

The  plainest  form  is  that  of  a  single  string  of  equilateral  triangles,  and  is  the  one  to  be 
adopted  when  economy  and  rapidity  of  execution  are  the  first  requisites;  the  hexagons  (connected 
either  axially  or  hinged)  commend  themselves  when  a  large  area  is  to  be  covered ;  and  a  third 
form,  that  of  quadrilaterals,  offers  itself  as  the  one  possessing  greatest  strength  or  admitting  of 

*  In  gunoral,  to  close  any  cirenit  or  chain  of  triangles  returning  into  itself  four  equations  must  he  satisfied^ 
which  may  he  considered  as  arising  in  the  following  manner:  Fii*st.  The  length  of  the  connecting  side  must  come  out 
the  same,  whether  we  arrive  at  it  hy  coinjiutation  from  one  direction,  or  from  the  oiiposite.  Secondly.  The  resulting 
azimuths  of  this  line  must’be  the  same.  Thirdly  and  fourthly.  The  latitude  and  the  longitude  of  one  of  the  end-points  of 
the  line,  respectively,  must  show  no  discrepancy.  In  the  case  of  primary  traverses  the  circuits  are  mutually  dependent, 
and  require  to  be  treated  collectively. 
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the  greatest  accuracy.  The  relative  value  of  the  usually  mixed  systems  may  be  judged  from  their 
characteristics  when  compared  with  the  three  simple  S3’^stems  just  mentioned. 


If  we  take  for  the  unit  of  length  the  maximum  distance  at  which  itjs  advisable  to  place  two 
stations  for  observation,  in  conformity  with  the  nature  of  the  ground,  the  efficiency  of  the  instru¬ 
ments,  and  the  means  at  our  disposal,  we  may  estimate  the  relative  value  of  the  three  systems 
under  various  aspects  by  examining  their  results  for  a  given  equal  linear  extent.  Since  nine  equi¬ 
lateral  triangles,  reaching  to  five  units,  carry  us  nearly  as  far  as  three  hexagons  (3  =  5-20 

nearly),  and  slightly  surpass  seven  quadrilaterals,  having  diagonals  of  unit-length  (7  =  4.95 

nearly),  a  length  of  five  may  be  taken  as  a  convenient  measure  of  comparison  for  relative  value. 

The  following  table  exhibits  such  numbers  as  are  required  for  comparison : 


a 

s 

c 

!»' 

Composition. 

. 

tl 

a 

s 

O  00 

M  § 

a 

o 

c 

fO 

^  ‘3 

1 

H 

Area  covered. 

Number  of  con¬ 
ditions. 

I 

Triangles,  equUateral . 

! 

5 

11 

19 

4.5 

9 

n 

Hexagons,  hinged . 

i  5.2 

17  1 

34 

9 

21 

m 

Quadrilaterals,  squares . 

i 

'  4.95 

16  ! 

29.6  1 

1 

3.5 

28 

With  respect  to  the  number  of  stations  to  be  built  up  or  occupied,  system  I  is  the  most  favora¬ 
ble,  and  II  and  III  are  almost  equal;  with  respect  to  length  of  sides j  of  special  importance  when 
lines  have  to  be  cut  through  heavy  woods  or  brush,  system  I  is  least  unfavorable,  and  system  III 
slightly  better  than  system  II ;  with  respect  to  area  covered,  system  II  is  by  far  the  most  advanta¬ 
geous,  the  other  sj^stems  showing  but  one-half  and  less,  than  the  hexagonal ;  this  system  appears, 
therefore,  best  adapted  when  spread  of  triangulation  is  most  desirable ;  but  if  axially  arranged, 
the  hexagons  are  less  favorably  disposed,  being  narrower  and  lacking  the  salient  points  of  the 
ordinary  connection.  With  respect  to  the  number  of  geometrical  conditions,*  system  III  is  the 
most  favorable,  and,  with  these  conditions  satisfied,  it  will  be  capable  of  giving  the  greatest  rela¬ 
tive  accuracy.  Strength,  however,  is  here  gained  at  the  expense  of  area.  Genemlly,  for  compara- 

•  If  in  system  I,  n  =  number  of  stations,  not  less  than  3,  then  number  of  conditions  =  n  —  2;  for  system 

II,  n  =  number  of  stations,  not  Ic^  than  7,  and  forming  complete  hexagons,  number  of  conditions  =  ^  ^  ;  for 

o 

system  III,  n  =  number  of  stations,  not  less  than  4,  and  forming  complete  quadrilaterals,  number  of  condi¬ 
tions  =  2  ft  —  4. 

t  In  the  measures  of  directions  at  a  primary  station,  should  a  line  ofter  special  difficulties  from  its  great  length  or 
rom  want  of  transparency  of  the  atmosphere,  the  expedient  inay  be  adopted  of  erecting  a  signal  at  a  moderate  dis¬ 
tance  in  or  nearly  in  its  direction  and  measuring  micrometrically  the  angular  difference  of  the  two  objects  under  favor¬ 
able  circumstances.  The  use  of  so-called  referring  objects  is  not  in  general  recommended,  as  it  •unnecessarily  increases 
by  one  the  number  of  directions  to  be  fixed,  unless  it  be  itself  one  of  the  trigonometrical  stations,  namely,  the  one  visi¬ 
ble  under  all  observing  conditions. 

S.  Ex.  37— —50 
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tively  flat  surfaces,  the  hexagonal,  and  for  countries  traversed  by  mountain  ranges,  the  quadrilateral 
system  may  be  employed  with  advantage ;  while  for  rapidity  of  work  and  cheapness  a  string  of 
single  triangles  is  unsiu-passed.  Yet  however  complicated,  mixed,  stretched  or  distorted  the  actual 
scheme  may  be,  we  always  keep  in  view  that  the  greatest  care  is  to  be  given  to  the  measures  con¬ 
nected  with  the  main  series,  while  at  the  same  time  due  attention  is  given  to  the  secondary  objects, 
thus  saving  reoccupation  of  the  primary  stations  in  connection  with  the  subordinate  work.t 

Two  other  systems  of  survey  may  here  be  noticed  designed  to  meet  the  special  difficulty  where 
want  of  breadth  makes  the  ordinary  methods  inapplicable.  Their  use  applies  to  the  case  of  a  nar¬ 
row  sea-beach  fringed  with  woods  which  it  may  be  undesirable  or  impracticable  to  penetrate.  The 
system  first  to  be  described,  and  which  has  been  successfully  employed  on  certain  parts  of  our 
southern  coast,  consists  in  actually  measuring  a  series  of  connected  lines  as  in  base-measures,  either 
with  rods  or  wires,  the  termini  of  each  bne  being  at  the  maximum  distance  admitting  of  intervisi¬ 
bility,  and  in  measuring  the  angle  between  the  lines  or  their  dift'erence  of  azimuths  at  each  junction. 
Each  one  of  such  lines  may  be  composed  of  a  number  of  broken  lines,  but  the  parts  are  referred 
to  the  single  straight  line  at  the  termination  of  which  angles  are  measured.  Owing  to  the  expense 
and  delay  of  line  measures  the  application  of  this  method  is  limited.  In  the  second  auxiliary 
method,  due  to  Struve,*  these  objections  are  met  by  the  substitution  of  a  number  of  small  base¬ 
lines — that  is,  one  for  each  long  line — and  located  so  as  to  be  at  right  angles  and  bisect  each  other  as 
nearly  as  may  be,  thus  forming  a  se  es  of  greatly  drawn-out  quadrilaterals.  The  horizontal  angles 
are  then  measured  at  the  ends  of  le  little  base,  also  at  the  terminal  jmints  of  the  long  line,  the 
length  of  which  thus  becomes  known.  The  base  may  be  from  one  hundred  to  several  hundred 
meters  in  length,  and  that  of  the  long  line  or  diagonal  may  be  from  ten  to  fifteen  times  that  of  the 
base.  Azimuthal  differences  are  measured  as  before,  and  the  computation  of  the  latitude  and 
longitude  of  the  points  is  effected  as  in  ordinary  triangulatiou.  This  last  expeffient  may  be  of 
occasional  assistance  when  operating  on  shores  obstructed  by  water-courses,  lagoons,  or  swamps. 
Islands  or  rocks,  lying  off  shore  at  no  great  distance,  frequently  supply  the  means  of  carrying  a 
subordinate,  series  of  triangulation  along  shore. 


OCEAN 


The  following  remarks  on  the  length  of  primary  base-lines,  and  on  their  distances  apart,  may 
find  a  proper  place  at  the  conclusion  of  this  paper:  In  the  present  state  of  practical  geodesy, 
primary  base-lines  of  a  length  of  about  10  or  11  kilometers  (nearly  6J  statute  miles)  represent  a 
fair  average.t  The  intervening  primary  triangulation  varies  greatly  in  extent.  This  depends 
principally  on  the  size  of  the  triangles  and  on  the  accuracy  of  the  measures  5  yet  ordinarily  any 
two  primary  base-lines  may  be  found  separated  by  a  distance  from  fifty  to  eighty  or  even  one 
hundred  times  the  average  length  of  a  base ;  that  is,  from  about  500  to  1000  kilometers  (about  300 
to  600  miles).  Tertiary  base-lines  are  usually  between  J  and  2^  kilometers  (about  ^  and  1^  statute 
miles)  in  length,  and  in  a  chain  of  tertiary  triangulation  not  otherwise  checked  they  may  follow  at 
intervals  of  about  40  or  70  kilometers  (nearly  25  or  44  miles),  or  at  distances  about  25  times  their 
length.  Secondary  base-lines  are  usually  from  3  to  5  kilometers  in  length  (about  2  to  3  statute 
miles),  and  the  distance  between  two  such  base-linens  should  not  exceed  50  times  their  length.  It 
will  be  well  to  expand  gradually  the  length  of  sides  from  the  base,  about  doubling  or  tripling  the 
sides  at  each  step  until  the  desired  average  length  of  the  primary  side  is  reached. 

*  Astronomische  Nachricliten,  No,  336  (1837). 

t  Thirteen  lines  of  the  Coast  Survey  average  6.2  statute  miles;  ten  of  the  Indian  trigonometrical  survey,  6.6; 
and  seven  of  the  English  ordnance  survey,  5.9  miles. 
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The  properties  of  a  base-line,  or,  more  strictly,  of  its  theoretical  equivalent,  have  been  but 
little  investigated,  and  a  few  remarks  respecting  its  definition  may  not  here  be  deemed  out  of 
place. 

A  base-measure  may  be  conceived  to  proceed  from  the  starting  point  A,  on  the  surface  of  a 
spheroid,  in  a  plane  containing  both  its  vertical  and  the  terminal  point  B,  and  to  be  continued  so 
that  at  any  point  of  it,  its  linear  element  is  situated  in  the  plane  passing  through  its  normal  and 
through  the  termini  A  and  B.  A  curve  so  traced  will  in  general  be  of  double  curvature,  and  lie 
between  (excepting  the  case  when  A  and  B  are  on  the  same  parallel)  the  two  i)laue  elliptical  arcs 
a  and  6,  which  result,  the  first  from  the  intersection  of  the  spheroid  by  the  vertical  plane  containing 
the  normal  of  A  and  the  point  B,  the  second  from  the  intersection  of  the  plane  containing  the 
normal  of  B  and  the  point  A.  The  element  of  the  curve  at  A  will  necessarily  coincide  with  the 
arc  a,  and  at  B  with  the  arc  ft,  and  the  curve  will  be  similarly  related  to  these  arcs;  that  is,  the 
same  curve  will  be  traced  out  whether  we  start  from  A  toward  B  or  from  B  toward  A.  It  has, 
from  its  definition,  the  property  that  for  any  point  in  it  the  forward  and  backward  azimuths  dilier 
180^5  and  since  the  terminal  points  A  and  B  lie  in  the  plane  of  its  normal,  the  azimuthal  plane 
must  contain  the  chord  or  straight  line  joining  A  and  B.  The  curve  will  also  be  marked  out  by 
the  junction  of  the  foot-points  of  normals  let  fall  from  every  point  of  the  chord  to  the  surface  of  the 
spheroid.  The  curve,  being  situated  apparently  in  a  direct  line  between  the  terminal  i)oints,  may 
be  distinguished  by  the  name  ‘‘direction-line,^  the  name  base-line  having  been  given  to  the  line 
actually  measured,  and  which  is  composed  of  a  number  of  straight  lines,  each  of  the  length  of  the 
measuring  apparatus.  Dr.  Bremiker*  pertinently  remarks  that  the  name  “geodetic  line’’  should 
properly  have  been  given  to  this  curve,  since  it  actiiaUy  enters  directly  into  the  two  fundamental 
geodetic  operations,  viz:  the  linear  and  angular  measures;  the  latter  on  account  of  the  tangency  of 
the  curve  to  the  plane  of  the  arc  a  in  which  the  line  of  collimation  of  a  theodolite  stationed  at  A  is 
situated.  The  name  “  geodetic  line,”  however,  is  already  appropriated  for  the  shortest  line  (and 
which  does  not  always  lie  between  the  arcs  a  and  h)  that  can  be  drawn  between  two  points  on  the 
surface  of  the  spheroid,  and  which  also  difiers  in  direction  from  the  curve  here  considered. 

.  NOTES  ON  THE  METHOD  OF  OBSERVING  HORIZONTAL  ANGLES  OR  DIRECTIONS  IN  GEODETIC 

SURVEYS. 

It  is  here  proposed  to  review  briefly  the  methods  followed  in  taking  angular  horizontal  measures 
at  trigonometrical  stations. 

The  angular  measures  made  in  the  older  trigonometrical  surveys  generally  extended  only  to 
those  particular  angles  which  actually  formed  part  of  the  triangles,  thus  involving  the  minimum 
expenditure  of  labor.  The  method  of  measiuing  angles  by  application  of  the  principle  of  repeti¬ 
tion,  first  proposed  by  T.  Mayer,  sr.,  in  1752,  and  introduced  a  few  years  later  (1755)  into  astro¬ 
nomical  and  geodetic  practice  by  Borda,  was  a  marked  improvement  in  all  cases  where  instruments 
had  to  be  employed  whose  weakest  part  was  their  graduation.  This  method,  though  still  followed 
in  cases  when  the  instrumental  means  available  recommend  it  favorably,  is  being  gradually 
superseded  by  the  method  of  observing  directions  in  series.  This  change  is  mostly  due  to  great 
improvements  in  the  construction  of  the  mechanical  and  optical  parts  of  theodolites,  more  especially 
to  the  superior  accuracy  of  the  graduation  of  the  cfrcle  and  the  introduction  of  micrometer 
microscoims. 

The  method  of  observing  in  series  is  specially  referred  to  by  Gauss  (in  Astronomische  Nach- 
richten.  No.  6, 1822)  and  by  Bessel  in  his  practical  work  “Die  Gradmessung  in  Ostpreussen,”  etc., 
Berlin,  1838,  where  the  method  is  more  fully  developed. 

The  same  method  of  observing  was  adopted  by  Struve,  in  1823  (see  Ast.  Nach.,  No.  47),  in 
consequence  of  the  method  of  repetition  used  by  him  in  the  preceding  year  proving  unsatisfactory. 
He  remarks  as  an  important  advantage  of  the  new  method,  which  determines  for  ev^ery  object  the 
position  on  the  fixed  azimuth  circle  of  the  vertical  plane  passing  through  it  and  the  object  observed, 
that  the  angular  distances  (combining  the  directions  two  by  two)  of  the  objects  become  known  with 
equal  accuracy. 

*  Studien  ilber  hohere  Geodaaie,  Berlin,  1869.  The  name  ‘‘field-line”  is  suggested  by  Dr.  Bremiker,  who  gives 
the  equation  to  the  carve  on  page  66  of  his  pamphlet. 
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An  an^le  may  be  considered  as  formed  by  the  difference  of  two  directions,  and  let  /x  equal  the 
probable  error  of  a  direction.  Suppose  there  are  three  objects  to  be  observed  at  a  station  and  the 
angles  measured  between  the  first  and  second,  also  between  the  second  and  third,  then  each  angle 
would  be  subject  to  the  probable  error  /x  V 2,  but  the  angle  between  objects  two  and  three  would  be 
affected  with  a  probable  error  of  2  /x.  If,  however,  the  three  objects  had  been  observed  in  series, 
the  probable  error  of  any  one  of  the  angles  would  only  be  /x  \^2;  moreover,  the  labor  involved 
would  only  be  3  in  comparison  to  4  as  in  the  method  of  observing  angles.  Thus,  in  general,  it  will 
be  more  advantageous  to  observe  in  series. 

Both  methods  of  observing  have  been  used  in  the  Coast  Survey  and  are  still  in  use,  according 
to  the  character  of  the  work  and  the  construction  of  the  instruments.  In  1817,  Superintendent 
Hassler  used  the  twenty-four  inch  Troughton  theodolite,  the  circle  being  placed  generally  in  three 
positions  120^  apart,  when  observing  in  series;  in  this  he  has  been  followed  by  his  successors  in 
office,  who  to  insure  greater  accuracy  have  increased  the  number  of  positions  and  series.  The 
method  of  series  is  now  almost  exclusively  followed  in  the  more  refined  geodetic  operations  as  in 
primary  triangulations. 

Using  either  method,  a  complete  observation  will  include  or  is  composed  of  two  measures;  one 
with  telescope  direct,  the  other  with  telescope  reversed  (alidade  turned  180o,  and  telescope 
reversed  about  its  axis  of  support,  without  changing  pivots  or  Y’s),  in  order  to  eliminate  any 
defect  arising  from  imperfect  collimation  from  inequality  of  height  of  Y’s,  and  irregularity  in  form 
of  pivots.  In  case  the  Y’s  are  too  short  to  permit  the  complete  turning  of  the  telescope,  the  latter 
must  be  lifted  off‘  its  Y’s  and,  after  reversal,  carefully  replaced,  the  same  pivot  resting  on  the  same 
Y  as  before.  Experience  has  shown  that  the  use  of*  repetition  is  not  unfrequently  accompanied  by 
the  introduction  of  constant  errors;  whether  this  arises  from  the  effect  of  drag,  of  imperfect  con¬ 
struction  of  clamping  apparatus,  or  from  other  causes,  is  immaterial  so  long  as  they  exist.  In  fact^ 
the  high  expectations  entertained  for  the  principle  of  repetition  were  not  realized,  and  it  was 
evident  that  certain  small  errors  were  simply  repeated  instead  of  being  eliminated. 

Under  all  circumstances,  however,  it  was  desirable  to  introduce  certain  conditions  or  checks, 
such  as  the  measure  of  all  the  angles  around  the  horizon,  known  as  the  closing  of  the  horizon,  or 
the  measure  of  whole  arcs  together  with  their  parts  or  so-called  summation-angles. 

In  Ko.  2117  of  the  Astronomische  Nachrichten,  Dr.  Bremiker  mentions  as  the  older  method  of 
measures  of  angles,  one  practiced  in  the  measurement  of  the  French  arc,  also  adopted  in  German 
surveys  by  General  Miiffliug  and  by  other  geodesists,  which  consists  in  measuring  separately  and 
successively  every  angle  formed  by  two  adjacent  directions  including  the  first  again,  thus  closing 
the  horizon  as  shown  in  the  figures. 


3 


There  is  therefore  but  one  condition  between  the  measures,  no  matter  what  the  number  ot 
directions  at  a  station  may  be. 

In  the  survey  of  Hanover,  Gauss  employed  (according  to  Dr.  Bremiker’s  article  above  cited) 
a  method  of  measuring  independently  every  angle  subsisting  between  every  direction  and  every 
other  one,  as  shown  in  the  figures. 
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Angles  measured: 


1-2 

1-2 

1-2 

1-3 

1-3 

2-3 

1-4 

2-3 

• 

2-4 

3-4 

The  number  of  conditions  for  2,  3,  4,  5,  etc.,  directions  at  a  station  are  0,  1,  3,  6,  10,  etc., 
respectively. 

Supposing,  now,  that  angles  are  to  be  measured  by  repetition,  the  folloT\ing  scheme  may  be 
proposed  which  the  observer  may  keep  in  mind,  and  to  which  he  may  adhere  as  closely  as  circum¬ 
stances  of  time,  weather,  and  expense  may  permit  him  to  do.  Supposing,  for  instance,  the  num¬ 
ber  of  primary  directions  at  a  station  to  be  5  (and  the  process  described  will  be  similar  for  any 
other  number),  we  first  take  the  indispensable  measure  of  each  single  angle,  inclusive  of  closing 
the  horizon : 


Namely  the  angles  2 


the  angles — 

1«3 

2- 4 

3- 5 

4- 1 

5- 2 


We  will  further  increase  the  accuracy  by  measuring  the  combinations  of  threes,  viz : 

1- 4 

2- 5 

3- 1 

4-2 

5-3 

And,  finally,  we  may  measure  the  last  combinations  by  fours,  viz : 

1- 5 

2- 1 

3- 2 

4- 3 

5- 4 
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This  will  insure  the  closing  of  the  horizon  in  several  ways  as  well  as  the  combination  of 
measures  known  as  summation-angles.  Differently  arranged  these  angles  are — 


1-2 

2-3 

3-4 

4-5 

(5-1) 

1-3 

2-4 

3-5 

(4-1) 

(5-2) 

1-4 

2-5 

(3-1) 

(4-2) 

(5-3) 

1-5 

(2-1) 

(3-2) 

(4-3) 

(5-4) 

where  the  angles  inclosed  in  parentheses  are  those  not  included  in  the  method  first  mentioned.  K 
we  stop  observing  after  the  third  enmbination,  the  five  angles  given  in  the  last  line  would  remain 
unmeasured.  Stopping  short  at  the  preceding  combination,  the  angles  in  the  last  two  lines  would 
have  no  existence  and  the  accuracy  of  our  results  would  be  proportionally  diminished. 

For  the  modem  precise  measures  we  employ  in  preference  instruments  whose  well-graduated 
azimuthal  circle  is  firmly  supported,  and  is  without  any  clamp  or  tangent-screw  attachment,  its 
graduations  being  simply  viewed  through  (generally)  three  micrometer-reading  microscopes.  This 
circle,  however,  can  be  changed  in  position  either  by  means  of  a  revolving  stand  or  by  turning  the 
circle  itself  in  its  collar,  where  it  is  held  by  slight  friction,  so  as  to  bring  other  parts  of  the  gradua¬ 
tion  successively  into  use.  These  positions  may  be  said  to  take  the  place  of  the  repetitions  of  the 
other  method.  The  number  of  positions  should  be  a  prime  number,  generally  selected  from  the 
numbers  3,  5,  7,  11,  13,  17,  19,  23,  etc.,  a  smaller  number  for  the  better  graduated  circles  and  a 
larger  one  for  inferior  ones. 

For  thevse  more  refined  measures  BessePs  method  of  observing  directions  or  so-called  arcs  or 
series  is  generally  followed.  Thus,  for  any  one  i)osition  of  the  circle  a  number  of  such  series  are 
made,  each  consisting  of  successive  imintings  and  readings  of  all  the  (observable)  signals  in  the 
order  of  the  graduation  of  the  circle,  and  after  the  reading  of  the  last  direction  in  reversing  the 
telescope  (the  readings  now  differ  very  nearly  ISO^  from  the  corresponding  ones  first  made)  and 
observing  each  signal  again  simply  in  the  reverse  order,  ending  with  the  first  direction. 

We  shall  thus  obtain  a  series  of  readings  of  the  directions  1  2  3  4  5,  followed  by 
5  4  3  2  1,  the  circle  and  telescope  having  been  reversed. 

The  mean  is  taken  for  each  direction  as  the  result  of  the  series.  From  any  complete  series 
one  or  more  directions  may  occasionally  be  wanting  by  reason  of  unsteadiness  or  invisibility, 
and  we  may  begin  the  measures  with  any  one  we  choose.  Tfhus  we  mjiy  have  directions 
2  3  4  5  or  1  2  5  or  2  5,  etc.,  etc. 

Instead  of  arranging  observations  in  this  way,  we  may  change  the  scheme  by  shifting  the  first 
object  in  each  new  series  so  as  to  carry  the  alidade  necessarily  over  every  part  of  the  circle.  Thus, 
for  any  one  position  and,  say,  five  directions,  we  would  have  to  observe — 


1  2  3  4  5 

2  3  4  5 

3  4  5 

4  5 

5 


1 

1  2 
1  2 
1  2 


3 

3  4 


each  series  with  telescope  D  and  E.  After  this  we  would  shift  the  circle  to  a  new  position,  and  so 
continue  the  series,  their  total  number  depending  on  the  degree  of  accuracy  desired. 

Should  the  number  of  directions  be  so  great  as  to  render  it  doubtful  whether  the  circle  would 
remain  undisturbed  in  position  (sometimes  on  isolated  hills  and  on  high  posts  a  regular  turning  of 
the  support  in  azimuth  is  observable  depending  on  the  period  of  insolation)  the  breaking  up  of  the 
series  into  two  may  be  performed  by  omitting  one  or  more  directions  in  each  series,  different,  how¬ 
ever,  in  successive  series,  as,  for  instance — 


1 


2  3  or 

2  3  4 
3  4  5 
4  5  6 
5  6  1 
6  12 


1  2  3  4  5 

2  3  4  5  6 

.3  4  5  6  7 

4  5  6  7 

5  6  7 
6  7 
7 


or  1  2 


1 

1  2 
12  3 
12  3  4 


3  4 

3  4  5  6 

5  6  7  8 

7  8  12 
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ea^h  direction  being  still  observed  an  equal  number  of  times.  The  principle  of  symmetry  in  com¬ 
bination  is  adhered  to  both  in  the  method  proposed  for  the  measures  of  angles  and  for  that 
of  directions,  in  order  to  have,  as  near  as  may  be,  equal  probable  errors  to  the  resulting  angles  or 
directions. 

In  order  that  no  time  or  accuracy  may  be  lost  in  the  measures  of  the  primary  directions,  the 
secondary  objects  should  be  observed  by  themselves,  as  occasion  offers,  care  being  taken  to  connect 
them  with  one  or  more  primary  directions. 

The  computer  may  select  any  one  direction  for  his  initial  or  zero  (or  360o)  clirection.  Should  the 
observer  have  selected  one  of  the  directions  as  a  referring  direction  (as  has  been  done  in  the  Ord¬ 
nance  Survey  of  Great  Britain  since  1840)  by  reason  of  its  general  visibility  or  sui)erior  steadiness, 
this  direction  would  appear  in  every  series,  and  in  secondary  work  would  materially  assist  in  dimin¬ 
ishing  labor  when  deducing  the  results  by  an  approximate  method.  A  special  referring  mark  not 
otherwise  connected  with  the  triangulation  wonld  become  necessary  in  the  not  unfrequently  occur¬ 
ring  case  when,  by  reason  of  great  distances,  the  signals  were  never  simultaneously  visible,  and  a 
mark  may  be  established  if  equality  in  the  probable  error  of  each  direction  is  desired. 

While  it  is  not  expected,  and  iis  a  rule  is  even  considered  impracticable,  to  have  a  completely 
systematic  record  of  angular  measures  at  any  one  station  of  the  form  proposed,  the  preceding 
remarks  wiU  have  served  the  purpose  for  which  they  were  intended,  by  directing  the  observer’s 
attention  to  advantageous  methods  of  procedure.  The  computer  will,  of  course,  apply  the  method 
of  least  squares  for  the  deduction  of  the  most  probable  results  from  these  measures  in  accordance 
with  the  i)articular  system  of  observing  which  may  have  been  followed. 
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APPENDIX  No.  21. 

ON  A  CHART  OF  THE  MAGNETIC  DECLINATION  IN  THE  UNITED  STATES,  CONSTRUCTED  BY 
J.  E.  HILGARD,  ASSISTANT  UNITED  STATES  COAST  AND  GEODETIC  SURVEY. 

United  States  Coast  and  Geodetic  Survey  Office, 

Washington^  D.  C.,  July  1,  1879. 

Sib  :  I  submit  to  you  herewith,  for  publication  in  the  Coast  Survey  Report  for  1876,  if  deemed 
proper,  a  chart  of  the  magnetic  variation  in  the  United  States.  This  chart,  which  shows  the  lines 
of  equal  magnetic  declination  (so-called  Isogonic  lines)  for  the  year  1875,  is  mainly  based  upon  the 
observations  made  during  the  progress  of  the  coast  survey  up  to  1877,  and  those  made  under  my 
direction  during  the  period  1872-’77,  at  the  charge  of  the  fund  bequeathed  for  scientific  research  by 
the  late  Prof.  Alexander  Dallas  Bache,  held  in  trust  by  the  National  Academy  of  Sciences. 

When  the  income  of  this  fund  became  available  for  its  objects,  I  proposed,  in  1871,  to  the 
board  of  direction,  then  consisting  of  Professors  Joseph  Henry,  Louis  Agassiz,  and  Benjamin 
Peirce,  that  a  portion  of  it  should  be  devoted  to  the  investigation  of  terrestrial  magnetism  in  the 
United  States,  that  subject  being  one  in  which  Professor  Bache  had  taken  much  interest,  and  in  the 
investigation  of  which  he  had  been  jiersonally  engaged.  Moreover,  while  this  was  a  subject  of  gen. 
eral  importance,  there  was  not  at  that  time  any  provision  made  for  its  prosecution  on  the  part  of  the 
government.  The  board  of  direction  having  approved  of  my  proposition,  an  allotment  was  made 
for  several  years  in  succession,  and  the  observations  were  prosecuted  under  my  immediate  direction 
by  observers  whom  I  personally  instructed  in  the  work.  In  this  way  observations  of  the  magnetic 
declination  were  made  at  250  stations,  distributed  over  a  very  large  area  of  the  interior  country,  at 
180  of  which  stations  the  dip  and  horizontal  intensity  were  also  observed.  These  obseivations  will 
be  published  in  detail  under  the  auspices  of  the  National  Academy  of  Sciences. 

Subsequently,  when  on  the  extension  of  the  scope  of  the  Coast  Survey  so  as  to  embrace  the 
interior  country,  you  proposed  to  undertake  the  requisite  magnetic  observations,  the  board  of 
direction  of  the  Bache  fund  deemed  it  best  to  close  the  work  that  I  had  been  carrying  on,  and  to 
publish  the  results  obtained  in  the  most  available  form,  beside  printing  the  observations  them¬ 
selves  as  a  matter  of  record.  Such  publication  can  best  be  effected  by  combining  them  with  all 
similar  data  available,  and  giving  a  graphic  representation  of  the  general  result. 

In  the  accompanying  map  (Illustration  No.  24),  this  has  been  done  for  the  declination  (or 
variation  of  the  compass)  which  is  the  element  of  the  most  practical  utility.  Since  the  data 
obtained  by  the  Coast  Survey  form  a  very  large  part  of  the  material  used,  an  early  publication 
in  the  Coast  Survey  Report  is  thought  to  be  the  most  advantageous  mode  of  giving  the  results  to 
the  country. 

The  incessant  demands  made  upon  the  office  of  the  Coast  and  Geodetic  Survey  for  information 
relative  to  the  variation  of  the  compass  in  different  parts  of  the  United  States  bear  evidence  of  the 
appreciation  in  which  is  held  the  similar  map  given  in  the  Coast  Survey  Report  for  1865  and  pub¬ 
lished  in  1867.  The  present  map  cannot  fail  to  meet  acceptably  the  constantly-increasing  demand, 
as  it  is  not  only  brought  up  to  a  more  recent  date,  but  is  based  upon  a  very  much  greater  number 
of  original  observations  in  the  interior. 

In  its  construction  I  have  made  use  of  all  available  data  up  to  1877,  including,  notably,  beside 
the  two  principal  sources  already  mentioned,  the  magnetic  observations  made  in  connection  with 
the  surveys  of  the  Great  Lakes  and  of  the  Northern  and  the  Northwestern  Boundaries  by  the  United 
States  Engineers,  and  those  made  under  the  direction  of  the  General  Land  Office  in  tracing  some 
of  the  principal  meridians  and  base  lines  for  the  surveys  of  the  public  lands  and  the  boundaries  o 
some  of  the  Territories.  Moreover,  some  very  valuable  observations  have  been  furnished  by  prif 
vate  observers,  which  will  be  specified  in  another  place. 
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It  was  fortunate  that,  for  the  construction  of  this  chart,  the  researches  of  my  colleague,  Assist¬ 
ant  Charles  A.  Schott,  on  the  secular  variation  of  the  magnetic  declination  in  the  United  States 
were  available,  without  which  it  would  have  been  difficult  to  reduce  the  observations  to  a  common 
date,  with  some  approach  to  accuracy.  His  latest  paper  on  this  subject,  printedTecently,  will  be 
found  very  useful  for  reference. 

For  a  separate  publication,  it  will  probably  be  convenient  to  print  IMr.  Schott’s  map,  illustrating 
the  annual  change,  on  the  obverse  side  of  the  chart  of  magnetic  declination,  in  order  to  make  the 
sliest  available  for  use  without  the  aid  of  an  explanatory  text. 

I  am  indebted  to  Mr.  A.  Lindenkohl,  chief  draughtsman  in  the  Coast  and  Geodetic  Surv  ey 
Office,  for  his  valuable  aid  in  the  graphic  construction  of  the  Isogonic  lines. 

Very  respectfully. 


J.  E.  HILGAED, 
AssistaM  Coast  and  Geodetic  Survey. 


Carlile  P.  Patterson,  Superintendent. 
S.  Ex.  37 - 51 
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APPENDIX  No.  22.  ' 

A  STATEMENT  CONCERNING  THE  RELATION  OF  THE  LAWFUL  STANDARDS  OF  MEASURE  OF  THE 

UNITED  STATES  TO  THOSE  OF  GREAT  BRITAIN  AND  FRANCE.  BY  J.  E.  HILGARD,  ASSISTANT 

UNITED  STATES  COAST  AND  GEODETIC  SURVEY. 

United  States  Coast  and  Geodetic  Survey  Office, 

Washingtonj  D.  C.,  July  8,  1879. 

Sir:  I  submit  the  following  statement  in  relation  to  the  American,  British,  and  French  stand- 
ards  of  measure,  conceived  in  a  brief  and  categorical  form,  in  order  to  explain  statements  hereto¬ 
fore  made  from  this  office,  as  well  as  to  give  trustworthy  data  for  books  of  instruction. 

It  is  desirable,  for  the  sake  of  i>erspicuity,  that  the  following  principal  statements  should  be 
made: 

1st.  There  is  no  difference  between  the  standards  of  weight  of  Great  Britain  and  those  of  the 
United  States. 

2d.  The  standards  of  volume  in  the  United  States  are  the  same  as  those  lawful  in  Great  Britain 
prior  to  1826. 

3d.  There  is  no  difference  between  the  standards  of  length  of  Great  Britain  and  those  of  the 
United  States. 

4th.  The  relation  of  the  American  and  British  standards  to  the  French  metric  standards  is  not 
determined  with  extreme  precision,  but  the  legal  enactments  [see  Annex  1]  will  suffice  for  all  pur- 
poses,  except  those  of  great  scientific  accuracy. 

measure  of  WEIGHT. 

In  regard  to  the  standards  of  measure  in  customary  use  in  the  United  States,  it  should  be 
observed  that  they  have  been  inherited  by  our  ancestors  from  England  together  with  the  common 
law.  No  enactment  by  Congress  has  ever  been  made  declaring  particular  measures  in  the  keeping 
of  the  government  as  standards,  except  the  standard  troy  pound  of  the  Mint  of  the  United  States 
at  Philadelphia,  which  is  an  exact  copy  of  the  Imperial  troy  pound  of  Great  Britain  procured  in 
1827. 

Elaborate  comparisons,  made  at  various  times  from  the  year  1855  up  to  the  present  date,  of 
this  troy  pound,  containing  5,760  grains,  and  of  the  commercial  or  avoirdupois  pound,  containing 
7,000  grains,  derived  from  the  former,  with  copies  of  similar  weights  derived  from  the  standard 
pound  of  Great  Britain,  have  shown  that  there  is  not  so  much  as  one-thousandth  of  a  grain  out¬ 
standing  between  the  money-standards  of  the  two  countries. 

MEASURE  OF  CAPACITY. 

Of  the  measures  of  capacity,  which  are  not  measures  of  great  precision,  it  is  only  necessary  to 
say,  that  the  old  British  wine-gallon  of  231  cubic  inches,  and  the  old  Winchester  bushel,  containing 
2,150.5  cubic  inches,  are  the  recognized  standards  in  the  United  States,  as  they  were  the  lawful 
standards  before  the  separation  of  the  colonies  from  Great  Britain,  no  subsequent  enactment  having 
been  made. 

MEASURE  OF  LENGTH. 

The  measure  of  length,  which  is  the  yard  of  36  inches,  is  legally  in  the  same  condition  as  the 
measures  of  capacity.  The  standard  yard  of  Great  Britain  was  lawful  in  the  colonies  before  1776. 
By  the  Constitution  of  tbe  United  States  the  Congress  is  charged  with  fixing  the  standard  of 
weights  and  measures  (Art.  I,  sec.  8);  but  no  such  enactment  has  ever  been  made  by  Congress, 
and  therefore  that  yard  which  was  standard  in  England  previous  to  1776  remains  the  standard 
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jard  of  the  United  States  to  this  day — ^the  same  being  also  true  of  the  commercial  or  avoirdupois  ^ 
ipound,  and  of  the  gallon  and  bushel,  as  above  stated. 

It  must  not  be  supposed  that  this  is  a  matter  which,  in  view  of  the  great  questions  of  public 
policy  engrossing  the  attention  of  Congress  in  early  years,  had  remained  without  due  consideration. 
The  journals  of  both  houses  of  Congress  show  that  committees  were  early  appointed  for  the 
consideration  Of  the  subject.  A  Senate  committee  reported  on  March  1,  1791,  that  “it  would  not 
be  eligible  at  present  to  introduce  any  alteration  in  the  measures  and  weights  which  are  now 
used  in  the  United  States.^  Other  reports  were  made  from  time  to  time,  and  in  January,  1820,  a 
committee  of  the  House  of  Representatives  presented  their  conclusions,  which  were :  “  That  little 
should  be  done ;  that  standards  conformed  to  those  in  most  common  use  among  us  should  be  accu¬ 
rately  made  and  carefully  preserved  at  the  seat  of  government;  that  correct  models  should  be 
placed  in  different  districts  of  the  country ;  and  that  the  proportions  and  relations  between  these 
should  be  ascertained.’’ 

Again,  on  March  11,  1822,  a  committee  report  was  submitted  to  the  same  body,  making  recom¬ 
mendations  for  rendering  “  uniform  and  .stable  the  measures  and  weights  which  we  at  present 
possess.” 

Thus  after  full  consideration  for  thirty  years,  it  was  agreed  that  the  matter  was  in  a  satisfac¬ 
tory  shape,  in  virtue  of  our  inheritance  and  traditions,  and  that  no  legislation  was  advisable. 

Finally,  in  1836,  an  act  was  passed  directing  the  Secretary  of  the  Treasury  te  cause  copies  of 
the  weights  and  measures  adopted  by  the  Department  as  standards,  for  the  use  of  custom-houses, 
to  be  supplied  to  each  State,  “  to  the  end  that  a  uniform  standard  of  weights  and  measures  may 
be  established  throughout  the  United  States.”  The  standards  so  “adopted”  were  those  of  Great 
Britain,  as  before  described. 

The  actual  standard  of  length  used  was  a  bronze  scale  of  82  inches,  subdivided  on  silver  to 
tenths  of  inches,  which  had  been  prepared  for  the  Coast  Survey  of  the  United  States  by  Trough- 
ton,  of  London.  The  36  inches  comprised  between  the  27th  and  63d  inches,  found  equal  to  the 
average  of  the  whole  scale,  were  taken  as  the  standard  yard,  and  the  temperature  at  which  this 
was  considered  to  be  a  standard,  that  is  to  say,  equal  to  the  British  Standard  Yard,  was  presumed 
to  be  620  Fahr.  It  had,  however,  never  been  directly  compared  with  that  standard,  but  was  sim¬ 
ply  copied  from  Troughton’s  own  scale  without  subsequent  verification. 

In  England,  the  old  standard  yard,  known  as  Bird’s  Standard  of  1760,  had  in  the  mean  time 
been  found  to  be  inadequate  in  definition  for  the  increasing  requirements  of  science,  and  a  new  set 
of  standards  of  length,  weight,  and  capacity  was  constructed  between  1816  and  1826  of  such  finished 
workmanship  and  precise  definition  as  was  required  by  the  science  of  the  time,  and  every  effort 
was  made  to  reproduce,  with  the  greatest  possible  exactness,  the  old  standard  pound  and  yard. 

Not  long  after  this  important  work  had  been  accomplished,  the  standards  so  constructed  were 
destroyed  by  the  burning  of  the  Parliament  buildings  in  1834.  They  have  since  been  reproduced 
by  reference  to  all  of  the  former  accredited  standards  with  which  they  had  been  originally  com¬ 
pared,  and  are  now  known  as  the  “  Imperial  Standards.”  Some  fifty  copies  of  these  standards  were 
constructed  and  intercoinpared,  and  certain  of  these  have  been  sent  to  the  United  States.  The 
avoirdupois  pound  of  7,000  grains  is  found  to  agree  within  one-thousandth  of  a  grain  with  the 
avoirdupois  pound  of  the  United  States,  derived  from  the  Mint-pound  heretofore  mentioned — an 
agreement  which  leaves  no  question  outstanding  as  to  the  identity  of  the  units  of  weight  of  Great 
Britain  and  the  United  States. 

The  comparison  of  the  Troughton  scale  heretofore  mentioned  with  the  Bronze  Standard  Yard 
No.  11,  received  from  Great  Britain  in  1856,  shows  the  former  to  be  longer  by  nearly  one-thousandth 
of  an  inch  in  the  yard,  or,  more  precisely,  0.00085  inch.  By  very  recent  comparisons,  however, 
made  by  myself  at  the  British  Standards  Office  between  the  standard  Imperial  yard  and  Bronze 
No.  11,  the  latter  was  found  to  be  0.000088  inch  shorter  than  the  former,  which  may  be  stated  in 
the  form  that  it  is  of  standard  length  at  a  temperature  of  62^.25  Fahr.  Hence  w^e  infer  that  at  62® 
the  Troughton  scale  is  too  long  by  0.00076  inch,  or  that  it  is  standard  at  59.8  Fahr.,  instead  of  62o  as 
formerly  assumed;  and  this  correction  will  apply  to  all  measures  that  have  been  derived  from  it. 
This  change,  although  sensible  in  operations  of  extreme  scientific  precision,  is  really  of  no  conse¬ 
quence  in  ordinary  practice,  as  it  amounts  only  to  the  1 : 45,000th  part  of  the  whole  length — a  degree 
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of  accuracy  which  is  seldom  required.  The  correction  does  not  exceed  the  thickness  of  one  of  the 
lines  that  define  the  yards  supplied  to  the  States. 

Extreme  accuracy  in  this  matter  is  beset  with  great  difficulties,  for  in  addition  to  that  of  ascer¬ 
taining  for  each  particular  bar  the  rate  of  dilatation  by  temperature,  there  is  an  uncertainty  in 
regard  to  permanence  in  the  length  of  the  bars  themselves.  Of  the  two  standard  yards  presented 
to  the  United  States,  one  is  of  bronze  (No.  11),  and  tbe  other  of  Low-Moer  wrought  iron  (No.  57). 
These  are  found  to  have  changed  their  relative  length  by  0.00025  inch  in  twenty-five  years ;  the 
bronze  bar  being  now  relatively  shorter  by  that  amount.  This  subject  is  undergoing  further  inves¬ 
tigation. 

KELATION  OF  YARD  TO  METRE. 

Statements  in  regard  to  this  relation  have  varied  excessively,  comparison  between  the  two 
standards  being  subject  to  two  great  difficulties :  first,  their  difterent  nature  and  definition,  and 
second,  their  incommensurability  in  length.  The  metre  is  a  platinum  bar,  cut  to  length  (an  end- 
meamre)^  and  standard  at  the  temperature  of  melting  ice  (32°  Fahr.).  The  length  of  the  yard  is 
defined  by  lines  drawn  on  a  bronze  bar,  standard  at  a  temi)erature  of  02°  Fahr.  The  difficulty  of 
making  accurate  comparisons  of  lengths  so  differently  defined  is  at  once*  apparent ;  moreover,  as 
their  relative  length  is  such  that  the  metre  is  something  longer  than  39.37  inches,  it  is  necessary  first 
to  derive  the  latter  length  from  the  yard  of  36  inches  by  minute  subdivision  into  a  scale  of  equal 
parts,  and  the  addition  of  the  odd  amount,  a  process  which  involves  so  many  successive  operations 
that  the  probable  error  of  tlie  result  is  largely  increased  by  an  accumulation  of  uncertainties. 

From  these  circumstances  have  arisen  the  differences  in  statements  of  the  length  of  a  metre 
expressed  in  inches.  One  of  the  earliest  trustworthy  comparisons  was  that  made  by  Kater,  giving 
the  value,  generally  quoted,  of  39.37079  inches.  This  comparison  was  made  with  one  of  the  earlier 
British  standards.  A  more  recent  determination  is  that  made  by  Clarke,  at  office  of  the  British 
Ordnance  Surv^ey,  between  a  number  of  the  new  British  standards  and  several  well-accredited 
copies  of  the  metre,  which  give,  very  accordantly,  a  value  of  39.37043  inches.  It  appears  that  in  the 
latter  observations  the  coefficients  of  expansion  of  the  bars  used  were  more  accurately  ascertained 
than  in  the  former,  and  as  between  these  two  values  the  latter  probably  deserves  the  preference. 

It  must  be  observed,  that  since  both  yard  and  metre  are  material  things,  no  legislative  decla¬ 
ration  in  regard  to  their  relative  value  can  have  any  force  other  than  to  define  what  shall  be  con¬ 
sidered  lawful  equivalents.  This  circumstahe^e  being  recognized,  when  the  metric  standards  were 
made  optional  in  the  United  States,  Congress,  instead  of  stating  the  equivalents  with  excessive 
minuteness,  as  was  done  in  Great  Britain,  merely  defined  the  relation  which  shall  be  held  lawful, 
to  a  degree  of  precision  sufficient  for  practical  purposes ;  thus  we  find  in  the  table  annexed  that 
the  lawful  equivalent  of  a  metre  is  39.37  inches. 

In  the  United  States,  Professor  Hassler,  first  Superintendent  of  the  Coast  Survey,  made  very 
careful  com})arisous  between  one  of  the  original  iron  metres  and  the  Troughton  82-inch  scale.  The 
records  of  his  experiments  are  not  now  extant,  having  been  destroyed  by  fire  in  1843,  but  he  has 
published  his  results,  viz :  One  metre  =  39.38092  inches  of  the  bronze  yard,  reduced  to  32^  Fahr. 
He  made  use  of  a  coefficient  of  expansion  resulting  from  some  experiments  made  by  himself  upon 
a  brass  wire,  which  value  is  much  too  large;  but  we  cannot  now  connect  his  reduction,  because  we 
do  not  know  the  actual  temperatures  of  comparison.  Using  Mr.  Hassler’s  rate  of  expansion,  viz, 
0.0003783  inch  in  one  yard,  for  Fahr.,  and  reducing  his  result  to  the  standard  temperature  of 
the  yard  (02°  Fahr.),  his  successor.  Professor  Bache,  found  the  value  of  the  metre  to  be  39.36851 
inches  of  the  Tinughtou  scale,  then  the  only  accredited  standard  in  our  possession.  When,  how¬ 
ever,  we  apply  to  the  latter  the  correction  of  0.00076  inch  in  a  yard,  found  as  above  stated,  and 
ascribe  to  it  the  rate  of  expansion  of  other  bronze  alloys — for  instance,  that  found  by  Airy,  from 
Sheepshank’s  observations,  for  the  bronze  of  which  the  new  Imperial  standards  are  made,  viz : 
.000342  inch  per  yard — we  find  one  metre  =39.37054  inches,  as  follows: 


Hassler’s  value  of  metre,  reduced  to  62^ .  39. 36851 

CoiTection  for  difference  in  rate  of  expansion .  +  0. 00119 

Correction  for  excess  of  Troughton  scale  in  one  metre .  +  0. 00084 


Hassler’s  comparisons,  corrected  reduction .  39. 37054 
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a  value  which  differs  very  little  from  that  obtained  by  Clarke,  although  it  cannot  be  claimed  to 
possess  the  same  degree  of  trustworthiness.  In  fact,  if  we  substitute  in  the  above  reduction  the 
rate  of  expansion  for  the  bronze  of  tbe  British  standards  recently  determined  by  Fizeau,  viz, 
0.000351  inch  per  yard,  we  shall  get  39.37023. 

The  value  39.3685  inches,  derived  as  above  mentioned  from  Mr.  Hassler’s  comparisons,  was 
used  in  the  Coast  Survey  for  stating  the  equivalents  in  yards  of  distances  known  in  metres,  and  it 
has  been  so  employed,  as  stated  in  the  respective  places,  in  various  lists  of  geographical  x^ositions 
and  tables  for  projections  in  the  Coast  Survey  Reports,  from  1851  to  1868.  Since  that  time  it  has 
been  deemed  advisable  to  employ  the  value  obtained  by  Clarke,  viz,  39.3704  inches.  The  conver¬ 
sion  is  readily  made  with  very  sufficient  accuracy,  by  increasing  the  distances  in  yards  by  their 
1:20  000th  pait.  A  table  of  equivalents  is  given  below  (Annex  II). 

It  is  not  practicable  to  attain  greater  precision  in  comparison  until  after  the  comx)letion  of  the 
new  international  metres  now  in  course  of  construction  at  the  International  Bureau  of  Weights 
and  Measures  in  Paris.  When  the  construction  of  these  shall  have  been  perfected,  and  when  they 
shall  have  been  thoroughly  intercomx)ared,  it  will  be  useful  once  more  to  attempt  to  arrive  at  a 
closer  comparison  of  the  yard  and  metre  than  we  now  possi\ss. 

In  order  to  make  such  a  comparison  with  the  least  number  of  successive  operations,  I  have 
devised  the  following  scheme :  Divide  a  yard  into  four  parts  by  successive  bisections ;  dividing 
again  the  sum  of  three  of  these  parts  into  eight  equal  i)arts  by  successive  bisections,  one  of 
these  eighths  added  to  the  yard  will  give  the  length  of  the  metre  with  a  degree  of  precision  readily 
within  the  reach  of  the  comparator;  that  is  to  say,  the  length  will  be  39.375  inches.  *  Two  bars 
correspondingly  divided  have  been  prepared  for  this  purpose,  and  intercomi)arison  is  in  progress. 

Very  respectfully. 


To  Carlilb  P.  Patterson, 

Superintendent 


J.  E.  niLGARD, 
Assistant  Coast  and  Geodetic  Survey 

in  cliarge  of  Verification  of  Standards, 


ANNEX  I. 


An  act  to  authorize  the  use  of  the  metric  system  of  weights  and  measures. 

Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the  United  States  in  Congress  assemhledy 
That  from  and  after  the  passage  of  this  act  it  shall  be  lawful  throughout  the  United  States  of 
America  to  employ  the  weights  and  measures  of  the  metric  system,  and  no  contract  or  dealing,  or 
pleading  in  any  court,  shall  be  deemed  invalid  or  liable  to  objection  because  the  weights  or  meas¬ 
ures  expressed  or  referred  to  therein  are  weights  or  measures  of  the  metiic  system. 

Sec.  2.  And  he  it  further  enaeted^  That  the  tables  in  the  schedule  heretofore  annexed  shall  be 
recognized  in  the  construction  of  contracts,  and  in  all  legal  proceedings,  as  establishing,  in  terms 
of  the  weights  and  measures  now  in  use  in  the  United  States,  the  equivalents  of  the  weights  and 
measures  expressed  therein  in  terms  of  the  metric  system ;  and  said  tables  may  be  lawfully  used 
for  computing,  determining,  and  expressing  in  customary  weights  and  measures  the  weights  and 
measures  of  the  metric  system. 


Measures  of  length. 


Metric  denominations  and  valnes. 

Equivalents  in  denominations  in  use. 

Mpriameter . 10,000  meters. 

Kilometer . 1,000  meters. 

Hectometer . . 100  meters. 

Dekmneter . 10  meters. 

Meter  .  1  meter. 

Decimeter . 1-10  of  a  meter. 

Centimeter .  1-100  of  a  meter. 

Millimeter .  1-1000  of  a  meter. 

6.2137  miles. 

0.62137  mile,  or  3  280  feet  10  inchee. 

328  feet  1  inch. 

393.7  inches. 

39.37  inches. 

3.937  inches. 

0.3937  inch. 

0.0394  inch. 
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Measures  of  surface. 


Metric  ilenominationB  and  values. 


Hectare .  10  000  nqiiare  meters. 

Are  .  .  KH>  stinare  meters. 

Ceutaro .  1  square  meter. 


Equivalents  in  denominations  in  use. 


2.471  acres. 

119.6  square  yards. 
1  5."»0  square  incbes. 


Measures  of  capaeity. 


Metric  denominations  and  values. 


Names. 


Kilolit4*r  or  store 

Hecttditer . 

Dekaliter . 

Liter . . 

Deciliter . 

Centiliter . 

Milliliter . 


Number 
of  liters. 


1  000 
100 
10 
1 

110 

1-100 

1-1000 


Cubic  measure. 


1  cubic  meter . 

1-10  of  a  cubic  meter - 

10  cubic  decimeters . 

1  cubic  decimeter . 

1-10  of  a  cubic  decimeter 

10  cubic  centimeters . 

1  cubic  centimeter . 


Equivalents  in  denominations  in  use.  | 

Dry  measure. 

Liquid  or  wine  measure. 

1  308  cubic  yards . 

264.17  gallons. 

26.417  gallons. 

2.6417  gallons. 

1.0567  quarts. 

0.845  ^11. 

6. 1022  cubic  inches  . 

0.6102  cubic  inch  . . 

0.338  fluid  ounce. 

0.061  cubic  inch . 

0.27  fluid  dram. 

Weights. 


Metric  denominations  and  values. 


Equivalenta  in  denomina¬ 
tions  in  use. 


Names. 


Millier  or  tonneau 

Quintal . 

MyTiagram . 

Kilogram  or  kilo. . 

Hectogram . 

Dekagram . 

Gram . 

Decigram . 

Centigram . 

Milligram . 


Niimlier  of  Weight  of  what  quantity  of  water  at  maximum 
grams.  I  density. 


1  000  000 
100  000 
10  000 
1  000 
100 
10 
1 

1-10 

1-100 

1-1000 


Avoirdupois  weight. 


1  cubic  meter . 

1  hectoliter . 

10  Utei  8 . 

1  lit4‘r . . . 

1  deciliter . 

10  cubic  centimeter . 

1  cubic  centimeter . 

1-10  of  a  cubic  centimeter 

10  cubic  millimeters . 

1  cubic  millimeter . 


2204.6  pounds. 
220.46  pounds. 
22.046  pounds. 
2.2046  pounds. 
3.5274  ounces. 
0.3527  ounce. 
15.432  grains. 
1.5432  grains. 
0.1543  grain. 
0.0154  grain. 


Approved  July  27, 1866. 


ANNEX  11. 

COMPARISON  OF  YARDS  AND  METRES. 
1  metre  =  1.093623  yard  =  39.37043  inches. 


Metres. 

Yards. 

Yards. 

Metres. 

1  . 

1. 093623 

2. 187246 

3.  280869 

4. 374492 
5.468116 

6.  561739 

7.  655:162 

8.  748985 

9.  842608 

1 . 

0.  914392 

L  828784 

2. 743175 
3.657567 

1  4.571950 

5.  486351 
6.400743 

7.  315134 
&  229526 

2  .  .! . 

2  . . 

3  . 

3 . 

4  .  . . . 

4 . .  . 

5  . 

5 . 

6  . . . 

6  . 

7  . 

7 . 

A  .  . 

8 . 

0  . 

9 . 
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APPENDIX  No.  23. 

LIST  OF  PUBLICATIONS  RELATING  TO  THE  DEEP-SEA  INVESTIGATIONS  CARRIED  ON  IN  THE 
VICINITY  OF  THE  COASTS  OF  THE  UNITED  STATES  UNDER  THE  AUSPICES  OF  THE  COAST 
SURVEY. 

The  following  list  of  publications  relating  to  the  character  of  the  bottom  and  the  Fauna  of  the 
sea,  in  the  vicinity  of  the  coasts  of  the  United  States,  under  the  auspices  of  the  Coast  Survey,  has 
been  prepared  by  L.  F.  Pourtales,  late  an  Assistant  in  the  Coast  Survey.  In  the  beginning,  the 
investigations  were  mainly  restricted  to  microscopical  examinations  of  the  specimens  of  bottom 
brought  up  by  the  sounding-lead,  and  the  aim  was  originally  to  find  therein  aids  to  navigation.  Later 
on,  the  dredge  was  brought  into  requisition,  and  the  greatly  increased  amount  of  material  was 
worked  up  and  published  at  the  expense  or  under  the  direction  of  the  Museum  of  Comparative 
Zoology. 

1850.  On  the  Distribution  of  Foraminifera  on  the  Coast  of  OTw  Jersey,  as  shown  by  the  off* 
shore  Soundings  of  the  Coast  Survey.  By  L.  F.  Pourtales,  Assistant  Coast  Survey,  Proc.  Amer. 
Assoc,  for  Adv.  of  Sc.,  Charleston  Meeting,  1850. 

1850.  On  the  Order  of  Succession  of  Parts  in  Foraminifera.  By  L.  F.  Pourtales,  Assistant 
Coast  Survey.  Proc.  Amer.  Assoc,  for  Adv.  of  Sc.,  Charleston  Meeting,  1850.  Also  Amer.  Joum. 
of  Sc.  and  Arts.,  2d  series.  Yol.  II.  1851. 

1851.  Extracts  from  the  report  of  Professor  L.  Agassiz  to  the  Superintendent  of  the  Coast 
Survey  on  the  Examination  of  the  Florida  Beefs,  Keys,  and  Coast.*  Coast  Survey  Keport  for 
1851,  and  reprinted  in  Coast  Survey  Eeport  for  1866. 

1851.  Microscopical  Examination  of  Soundings  made  by  the  United  States  Coast  Survey  off 
the  Atlantic  Coast  of  the  United  States.  By  Professor  J.  W.  Bailey.  Smithsonian  Contributions 
to  Knowledge,  Vol.  II. 

1853.  Letter  of  the  Superintendent  to  the  Secretary  of  the  Treasury  reporting  the  Discovery  by 
Lieutenants-Commanding  Craven  and  Maffitt,  of  a  Bank  east  of  the  Gulf  Stream.  Coast  Survey 
Beport  for  1853.  Also  noticed  in  Proc.  Amer.  Assoc,  for  Adv.  of  Sc.,  Cleveland  Meeting,  1853. 

1853.  Extract  from  Letters  of  L.  F.  Pourtales,  Assistant  in  the  Coast  Survey,  to  the  Superin¬ 
tendent  upon  the  Examination  of  Specimens  of  Bottom  obtained  in  the  Exploration  of  the  Gulf 
Stream  by  Lieutenants-Commanding  T.  A.  M.  Craven  and  J.  N.  Maffitt,  U.  S.  K.  Coast  Survey 
Eeport  for  1853,  and  Proc.  Amer.  Assoc,  for  Adv.  of  Sc.,  Cleveland  Meeting,  1853. 

1854.  Specimen  Box  for  Deep-Sea  Bottoms,  by  Lieutenant-Commanding  T.  A.  M.  Craven,  U.  S- 
K.  Coast  Survey  Beport  for  1854. 

1855.  Instrument  for  procuring  Specimens  of  Bottom  in  Sounding,  by  Lieutenant-Command¬ 
ing  B.  F.  Sands,  U.  S.  N.  Coast  Survey  Beport  for  1855. 

1855.  On  the  Characteristics  of  some  Bottoms  from  the  Cape  Florida  Gulf-Stream  section.  By 
Professor  J.  W.  Bailey.  Coast  Survey  Beport  for  1855. 

1856.  On  the  origin  of  Greensand  and  its  Formation  in  the  Oceans  of  the  present  Epoch.  By 
Professor  J.  W.  Bailey.  Proc.  Boston  Soc.  Nat.  Hist.,  1856. 

1858.  Beport  of  Assistant  L.  F.  Pourtales  on  the  Progress  made  in  the  Microscopical  Exam, 
ination  of  Specimens  of  Bottom  from  Deep-Sea  Soundings.  Coast  Survey  Beport  for  1858. 

1858.  On  the  Genera  Orbulina  and  Globigerina.  By  L.  F.  Pourtales,  Assistant  Coast  Survey. 
Amer.  Jour,  of  Sc.  and  Arts,  2d  series,  Yol.  XXXYI.  1858. 

1862.  On  the  Origin,  Growth,  Substructure,  and  Chronology  of  the  Florida  Beef.  By  Captain 
E.  B.  Hunt,  Corps  of  Engineers,  U.  S.  A.  Coast  Survey  Beport  for  1862. 


•  Plates  representiag  the  principal  reef  corals  of  Florida,  prepared  to  accompany  the  full  Report,  but  never  pub- 
iished,  have  recently  been  completed,  and  will  be  soon  issued  by  the  Museum  of  Comparative  Zoology. 


Digitized  by 


Google 


408 


REPORT  OF  THE  SUPERINTENDENT  OF 


1866.  lleport  by  Henry  Mitehell,  Assistant  U.  S.  Coast  Survey,  upon  Soundings  across  the 
Straits  of  Florida.  Coast  Survey  Report  for  1866. 

1867.  Report  of  Assistant  H.  Mitchell,  Coast  Survey,  on  Soundings  made  to  develop  the  Char¬ 
acter  of  the  Straits  of  Florida  between  Key  West  and  Havana.  Coast  Survey  Report  for  1867. 

1867.  Letters  of  Professor  L.  Agassiz  on  the  Relations  of  Geological  and  Zoological  Researches 
to  General  Interests  in  the  Development  of  Coast  Features.  Coast  Survey  Report  for  1867. 

1867.  Report  on  the  Fauna  of  the  Gulf  Stream  in  the  Straits  of  Florida.  By  L.  F.  Pourtal^s. 
Coast  Survey  Report  for  1867. 

1867.  Contributions  to  the  Fauna  of  the  Gulf  Stream  at  great  Depths.  By  L.  F.  de  Pourtal^, 
Assistant  U.  S.  Coast  Siuvey.  Bull.  Miis.  Comp.  Zodl.,  Vol.  I.  Ko.  6.  Cambridge.  1867.  pp.  18. 

1868.  Contributions  to  the  Fauna  of  the  Gulf  Stream  at  great  Depths  (2d  series).  By  L.  F. 
de  Pourtal^,  Assistant  U.  S.  Coast  Survey.  Bull.  Mus.  Comp.  Zool.,  Vol.  1.  Xo.  7.  Cambridge. 

1868.  pp.  22. 

1868.  Report  of  Assistant  L.  F.  Pourtales  on  Dredgings  made  in  the  Sea  near  the  Florida  Reef. 
Coast  Survey  Report  for  1868. 

1869.  Report  upon  Deep-Sea  Dredgings  in  the  Gulf  Stream  during  the  Third  Cruise  of  the 

U.  S.  Steamer  Bibb,  addressed  to  Professor  B.  Peirce,  Superintendent  U.  S.  Coast  Survey.  By  L. 
Agassiz.  Bull.  Mus.  Comp.  Zool.,  Vol.  I.  ilo.  13.  Cambridge.  1869.  pp.  24.  Also  Coast  Survey 
Report  for  1869. 

1869.  The  Gulf  Stream.  Characteristics  of  the  Atlantic  Sea-Bottom  off  the  coast  of  the 
United  States.  By  L.  F.  Pourtales.  Coast  Survey  Report  for  1869. 

1869.  Preliminary  Report  on  the  Echini  and  Starfishes  dredged  in  Deep  Water  between  Cuba 
and  the  Florida  Reef.  By  L.  F.  de  Pourtales,  Assistiint  U.  S.  Coast  Survey.  Prepared  by  Alex¬ 
ander  Agassiz.  Bull.  Mus.  Comp.  Zool.,  Vol.  I.  No.  9.  Cambridge.  1869.  pp.  56. 

1869.  Preliminary  Report  on  the  Ophiuridm  and  Astrophytidie  dredged  in  Deep  Water 
between  Cuba  and  the  Florida  Reef.  By  L.  F.  de  Pourtales,  Assistant  U.  S.  Coast  Survey.  Pre¬ 
pared  by  Theodore.  Lyman.  Bull.  Mus.  Comp.  Zool.,  Vol.  I.  No.  10.  Cambridge.  1869.  pp.  46. 

1869.  List  of  the  Crinoids  obtained  on  the  Coasts  of  Florida  and  Cuba  by  the  U.  S.  Coast 
Survey  Gulf  Stream  Exi>editiou8  in  1867,  1868,  and  1869.  By  L.  F.  de  Pourtal^,  Assistant  U.  S. 
Coast  Survey.  Bull.  Mus.  Comp.  Zool.,  Vol.  1.  No.  11.  Cambridge.  1869.  pp.  4. 

1869.  List  of  Holothuridie  from  the  Deep-Sea  Dredgings  of  the  United  States  Coast  Survey. 
By  L.  F.  de  Pourtales,  Assistant  U.  S.  Coast  Survey.  Bull.  Mus.  Comp.  Zool.,  Vol.  1.  No.  12. 
Cambridge.  1869.  pp.  3. 

1870.  Preliminary  Report  on  the  Crustacea  dredged  in  the  Gulf  Stream  in  the  Straits  of  Flor¬ 
ida,  by  L.  F.  de  Pourtales,  Assistant  U.  S.  Coast  Survey.  Part  I.  Brachiiira.  Prepared  by  Dr. 
William  Stimpson.  Bull.  Mus.  Comp.  Zool.,  Vol.  II.,  No.  2.  Cambridge.  1870.  pp.  52. 

1870.  Der  Boden  des  Golfstromes  und  der  Atlanticschen  Kiiste  Nord  Amerika’s.  Von  L.  F. 

V.  Pourtales,  United  States  Coast  Survey.  Petermann’s  Geograph.  Mittheilungen,  1870.  Heft  XI. 
pp.  5.  1  map. 

1870.  Grundziige  einer  Spongien  Fauna  des  Atlantischen  Gebietes.  Von  Oscar  Schmidt 
Leipzig.  1870.  Fol.  pp.  88.  PI.  6. 

1871.  Appendix  to  the  Preliminary  Report  (Bull.  No.  9,  Vol.  I.)  on  the  Echini  collected  by 
L.  F.  de  Pourtales.  By  Alexander  Agassiz.  Bull.  Mus.  Comp.  Zool.,  Vol.  II.  No.  5.  Cambridge. 

1871.  pp.  3. 

1871.  Report  on  the  Brachiopoda  obtained  by  the  U.  S.  Coast  Survey  Expedition  in  charge 
of  L.  F.  de  Ponrtal^is,  with  a  revision  of  the  Craniidse  and  Discinidte.  By  W.  H.  Dali,  Assistant 
Coast  Survey.  Bull.  Mus.  Comp.  Zool.,  Vol.  III.  No.  1.  Cambridge.  1871.  pp.  45.  Pis.  2. 

1871.  Deep-Sea  Corals.  By  L.  F.  de  Pourtales,  Assistant  U.  S.  Coast  Survey.  Dlustrated 
Catalogue  of  the  Mus.  Comp.  Zool.,  Vol.  II.  No.  4.  (Memoirs,  Vol.  II.  No.  4.)  Cambridge.  1871. 
pp.  93.  PI.  8. 

1871.  Supplement  to  the  Ophiiiridm  and  Astrophytidae.  By  Theodore  Lyman.  Illustrated 
Catalogue  of  the  Mus.  Comp.  Zool.,  Vol.  II.  No.  6.  (Memoirs,  Vol.  II.  No.  6.)  Cambridge.  1871. 
pp.  14.  PI.  2. 

1871.  Contributions  from  the  Laboratory  of  the  Lawrence  Scientific  School.  No.  13.  On 
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some  Rocks  and  other  Dredgings  from  the  Gulf  Stream  obtained  by  the  Coast  Survey.  By  S.  P. 
Sharpies.  Amer.  Jour,  of  Sc.  and  Arts.  February,  1871.  pp.  4. 

1871.  A  letter  concerning  Deep-Sea  Dredging,  addressed  to  Professor  Benjamin  Peirce.  By 
Louis  Agassiz.  Bull.  Mus.  Comp.  Zobl.,  Yol.  III.  Xo.  3.  Cambridge.  1871.  pp.  5. 

1872.  Echini  of  the  Eastern  Coast  of  the  United  States,  together  with  a  rei)ort  on  the  Deep- 
Sea  Echini  collected  in  the  Straits  of  Florida  by  L.  F.  de  Pourtales,  Assistant  U.  S.  Coast  Survey, 
in  the  Years  18G7-G9.  By  Alexander  Agassiz.  (Being  Part  II.  of  the  Revision  of  the  Echini.) 
Illustrated  C<atalogue  of  the  Mus.  Comp.  Zool.,  No.  Yll.  (]\[emoirs  of  the  Mus.  Comp.  Zool.,  Vol. 
m.)  Cambridge.  1872-74.  pp.  132.  Pis.  42. 

1872.  Floridan  Bryozoa,  collected  by  Count  L.  F.  de  I^ourtales,  Assistant  Coast  Survey, 
described  by  F.  A.  Smitt.  Part  I.  Kongl.  Svenska  Yetenskaps  Akad.  Ilandlinger.  Bandet  10, 
No.  11.  Stockholm.  1872.  pp.  20.  Pis.  5. 

Do.  Part  ir.  {Ibid,,  Bandet  11,  No.  4.  Stockholm.  1873.  pp.  83.  PI.  13.) 

1873.  Interim  Report  on  the  Hydroids  collected  by  L.  F.  de  Pourtales  during  the  Gulf  Stream 
Exploratioh  of  the  U.  S.  Coast  Survey.  By  George  J.  Allman.  Bull.  Mus.  Comp.  Zool.,  Yol.  III. 
No.  7.  Cambridge.  1873.  pp.  2. 

1873.  The  Echini  collected  on  the  Hassler  Exi)edition.*  By  Alexander  Agassiz.  Bull.  Mus. 
Comp.  Zool.,  Yol.  III.  No.  8.  Cambridge.  1873.  pp.  4. 

1874.  The  Zoological  Results  of  the  Huvssler  Expedition.  I.  Echini,  Crinoids,  and  Corals. 
By  Alexander  Agassiz  and  L.  F.  de  Pourtales.  pp.  54.  15  woodcuts.  Pis.  10.  II.  Ophiuridae 
and  Astrophytidie,  including  those  dredged  by  the  late  Dr.  Stimpson.  By  Theodore  Lyman.  Illust. 
Cat.  Mus.  Comp.  Zool.,  No.  8.  (Memoirs,  Yol.  lY.)  Cambridge.  1874.  i)p.  34.  4  woodcuts.  Pis.  5. 

1875.  Corals  at  the  Galapagos  Islands.  By  L.  F.  de  Pourtales.  Amer.  Journ.  of  Sc.  and  Arts, 
3d  series,  Yol.  10.  1875. 

1875.  Mission  scientifiqne  au  Mexiqne  et  dans  rAmf^rique  centrale.  Recherches  zoologiques 
5®  Partie.  fitudes  sur  les  Xiphosures  et  Crustaces  podophthalmaires  par  M.  Alphonse  Milne 
Edwards.  Paris.  1875.  (Not  completed,  contains  descriiition  of  part  of  the  Crustacea  of  the 
Gulf  Stream  Explorations  and  Hassler  Expedition.) 

1875.  Revision  des  Stell^rides  par  Edmond  Perrier.  Annales  de  Zoologie  et  de  Physiologie 
experimentale.  T.  lY.  Paris.  1875.  (Same  remark  as  preceding.) 

1876.  Die  Schlangen  und  Eidechsen  der  Galapagos  Inseln  von  Dr.  F.  Steindachner.  Fest¬ 
schrift  der  K.  K.  Zool.  Bot.  Gesell.  in  Wien.  1876.  pp.  29.  Pis.  7.  (Based  in  part  on  specimens 
collected  in  the  Hassler  Expedition.) 

Dr.  Steindachner  has  described  fishes  collected  in  the  Hassler  Expedition,  in  Sitzungsber, 
der  K.  K.  Akad.  der  Wissensch.  in  Wien,^’  passim. 

1876.  E.  V.  d.  Brocck,  Etude  sur  les  Foraminiferes  de  la  Barbade,  recueillis  par  L.  Agassiz 
Hassler  Expedition,  prec^dee  de  quelques  considerations  sur  la  classification  et  la  nomenclature  des 
Foraminiferes.  Ann.  Soc.  Belg.  Micr.  II. 

1877.  Report  on  the  Hydroida  collected  during  the  exploration  of  the  Gulf  Stream  by  L.  F.  de 
Pourtales,  Assist.  U.  S.  Coast  Survey.  By  George  J.  Allman.  Mem.  of  the  Mus.  Ccxr  p.  Zool. 
Yol.  Y.  No.  2.  Cambridge.  1877.  pp.  66.  Pis.  34. 

•  On  the  voyage  from  Boston  to  San  Francisco. 

S.  Ex.  37 - 52  e  -  -  - 
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ADDENDUM  TO  APPENDIX  No.  15. 

TABLE  SHOWING  THE  MODE  OF  EEDUCING  THE  EXPERIMENTS. 

Reduction  of  experiments  at  various  pressures. 

HEAVY  END  UP. 

At  30  inches. 

1st  correction  =  Correction  for  expansion  from  15®  C.  Coef.  of  exp.  =  184  x  10~^ 
2(1  correction  =  First  atmospheric  correction  adopting  the  ^  priori  values,  p.  272. 
3d  correction  =  Second  atmospheric  correction  adopting  the  d  priori  values,  p.  272. 
4th  correction  =  Correction  for  flexure  of  support,  bells,  and  cylinder. 


1877. 

Decembi^r  12. 

1 

1.0065439  1  1.0065349 

+  395  1  +  326 

—  151  i  —  149 

—  7  ,  —  8 

—  209  j  —  209 

December  14. 

December  23. 

Tn  corrected  for  rate. . 

let  correction . 

2d  correction . 

3d  correction . 

4th  correction . 

T. . 

i. 

L  0065247 

+  510 

—  267 

—  14 

—  209 

t. 

1.  0065517 

+  455 

—  320 

—  19 

—  209 

». 

1.  0065695 

+  491 

—  330 

—  19 

—  209 

1.  0065467 

1.0065309 

1.0065267 

1.  0065424 

1.0065628 

RECAPITULATION. 

1877,  December  12 . . . . . T 

14 . . . 

23 . . 

Mean . . . T 

$. 

.  =  1.0065389 
=  5267 

=  5526 

□  =  1.0065394 

At  29  inches. 


1877. 

December  12. 

December  16. 

To  corrected  for  rate. . 

let  correction . 

2d  correction . 

3d  correction . . 

4th  correction . 

To . 

«. 

1.  0065322 

+  380 

+  40 

+  10 

—  209 

8. 

1.0065448 

-}-  426 

+  3 

+  7 

—  209 

8. 

1.  0065421 

r  407 

+  8 

+  7 

—  209 

1.0065543 

1. 0065675 

L  0065634 

RECAPITULATION. 

$. 

1877,  December  12 . T.  —  1. 0065543 

16  .  —  5654 

Moan . To  -  1. 0065599 

At  27  inches. 


1877. 

December  16.  1 

To  corrected  for  rate.. 

let  correction . 

8. 

1.  0064775 

4-  426 

+  429 

+  50 

—  209 

8. 

1.  0064574 

+  426 

+  429 

+  50 

—  209 

2d  correction . . 

3d  correction . 

4th  correction . 

To . 

1. 0065471 

L  0065270 

Mean . To  —  !•.  0065370 
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Reduction  of  experiments  at  various  pressures — Continued. 

HEAVY  END  TTP — Continued. 

At  22.5  inches. 

8. 

1877,  December  16.  =  1.0063670 


l8t 

correction. . . . 

=  +  388 

2d 

correction.... 

=  +  1478 

3d 

correction. . . . 

=  +  161 

4th  correction.... 

=  —  209 

T„  =  1.0065488 

At  15  inches. 

O 

1877,  December  17. 

T 

“■-n 

o« 

1.0061782 

Ist  correction.... 

=  + 

415 

2d  correction.... 

=  + 

3099 

3d  correction. . . . 

=  + 

362 

4th  correction .... 

=  — 

209 

T 

-‘•u 

— 

1.0065449 

At  7.5  inches. 


1877. 


Ta  corrected  for  rate 

let  correction . 

2d  correction . 

3d  correction . 

4th  correction . 

T. . 

Mean  T«  = . 


December  4. 

December  17. 

s. 

1. 0059540 

1.  0059831 

+ 

537 

4-  407 

+ 

4746 

+  4757 

+ 

627 

+  629 

- 

209 

-  209 

1. 0065241 

1. 0065415 

1*.0065328 

At  1  inch, 

8, 

1877,  December  19.  Tu  corrected  for  rate  =s  1.0057813 

Ist  correction .  =  +  435 

2d  correction .  =  +  6170 

3d  correction .  =  +  1031 

4th  correction .  =  —  209 


T„  =  1.OO65240 
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EEPOKT  OF  THE  SUPERINTENDENT  OF 
Eeclnction  of  experiments  at  various  pressures — Continued. 

HEAVY  EKD  UP— Coutinupd. 

At  .82  to  .()7  inch. 


1877.  I  Drt’rinlMT  10.  Dpcpmbor  19.  '  Dpopiubpr  22.  l)i*cpinber  23. 

$.  g.  s.  i.  Jt. 

'I'u  for  ...  j  l.U()r»777H  1.0057069  1.00.57752  1.0057813  1.0057741 

l.st  confflion .  +  405  -f-  497  +  429  +  400  -f  480 

241  4orn*4ti4in .  -f-  0242  -f-  6230  -}  <5248  -f  0211  -f  6209 

3il  4-4»n4'4  lioii .  j  -|-  1071  i  1005  4  1(»77  '  4  1054  4  1053 

4lli  4-4>irc4  ti..ii . I  -  209  -  209  -  209  -  209  '  —  209 


Tu . ^  1.000.5:147  1.006.52,52  1.000.5297  1.006.5,329  |  1. 0()a5280 


KECAPITULATION  OF  KESULTS  AT  .82  TO  .07  INCH. 

». 

Ih77,  I)4-4M>iuber  10 . .* .  Ty  —  1.  0065300 

19  .  ==  297 

22 .  =  329 

2.3 .  =  280 


Moan  . ’ .  Ty^l. 0005301 


At  .4<)  to  .lir>  imh. 


1877. 

X4)V4*inbf‘r  30. 

Dpcpiiibrr  8. 

l)4M'€*iiib4'r  22. 

l)4*c«*mbcr  23, 

Tu  4'«iT4‘ct«Ml  f4)r  rat<*  . . .  | 

l«t  4  orr4>4-ti4Hi . . 

8. 

1.  00.57784 

4-  38;i 

-1-  a3o:i 

-f  1119 

-  209 

i  8. 

1.  0057.597 

4-  .501 

!  4-  6:111 

4-  1120 

'  -  209 

8. 

1.0057579 

4-  497 

4-  0297 

1  4-  1113 

4  209 

1 

8. 

1.  0057628 

4-  451 

4-  6,305 

4-  1120 

-  200 

8. 

1.  0057611 

4-  487 

4-  6288  1 

4-  •  1106  1 

-  2t>9  1 

4th  4-4>rr4>fti4)n . 

Tu  . 

1.  0065380 

1.  0065326 

'  1.0005277 

1.  000,5295 

1 

1.  0065283 

1  i 

KECAPITULATION  OF  IIESI  LTS  AT  .40  TO  .35  INCH. 

1  1877,  XovemlMT  30 . 

Dec4‘inbor  8 . 

‘ 

1  23 . 

1  Mean .  : 

i  .  ^ 

8. 

l\  1.0065380  ' 

=  301  ' 

=  295  1 

=  283  1 

r«  =  1.  0065315 

HEAVY  EXI)  DOWN. 
At  30  inches. 


'  1877.  1 

Septenila.T  25. 

Sejdeiubor  27. 

f  Oi'tober  5.  1 

! 

1 

8. 

8.  ^ 

^  8. 

8. 

Td  corrpc’tiMl  for  rate  . . 

1.0064173  ' 

1.0064194 

1  1. 0063979 

1.0063913 

^  1h1  porrcftinn . 

—  470  1 

516 

1  -  321 

311 

1  2d  C4)m*ftic»n . . 

-  9  . 

-  4 

17  1 

-  18  -1 

I  3d  con  ection . 

—  5 

-  4 

^  1 

4th  porrection . | 

I6tt 

-  108 

-  168  , 

168 

Td . 

1. 006,3523  1 

1 

1.0063501 

1 

1.  0063469 

1 

1.0063412 

[  RECAPITULATION. 

..  1 

1877,  Spi>U*mber  25 . 

.  Ta  —  1.  0063523 

27 . 

=  501 

October  5 . 

—  441  i 

j  Mean . 

.  Ta—  1.0063488  | 

( 
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Redmtion  of  experiments  at  various  pressures — Continued. 

HEAVY  END  DOWN— Continncd. 


At  inches. 


1877. 

September  26. 

1 

October  5.  j 

s. 

8. 

1 

8. 

Td  corrected  for  rate . 

1. 0062457 

1. 0062378 

1.  0062306 

Ist  correction . 

-  392 

-  321 

-  311 

2d  correction . 

+  1380 

+  1396 

+  1396 

3d  correction . 

+  157 

+  160 

+  160 

4tli  correction . 

-  168 

-  168 

-  168 

Td . 

1.  0063434 

1.  0063445 

1.  0063383 

RECAPITULATIOI^. 

8. 

1877;  September  26 . . . 

Td  =  1.  0063434 

October  5 . 

=  314 

j  Mean . 

Td  =  1. 0063374 

At  5  inches. 

8. 

1877,  October  1.  corrected  for  rate  =  1.0061379 

1st  correction  ......  *=  —  506 

2d  .correction . =  +  2329 

3d  correction _ =  +  325 

4th  correction . =  —  168 

Td  =  1.0063359 

At  1.5  inches. 

S. 

1877,  October  1.  Td  corrected  for  rate  =  1.0060999 

Ist  coiTection . =  —  490 

2d  correction . =  +  2651 

3d  correction . =  +  427 

4th  correction . =  —  168 

Td  =  1.0063419 

At  0.5  inch. 

8. 

1877,  September  29.  Td  corrected  for  rate  =  1.0060879 

1st  correction . =  —  506 

2d  correction . =  +  2744 

3d  correction . =  +  479 

4th  correction . =  —  168 

Td  =  1.0063428 

At  0.25  inch. 

8, 

1877,  October  3.  Td  corrected  for  rate  =  1.0060746 

1st  correction . =  —  516 

2d  correction . =  +  2767 

3d  correction . =  +  601 

4th  correction . =  —  168 

Td  •=  1.0063330 
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Reduction  of  the  regular  set  at  HoboJcen. 

HEAVY  END  DOWN. 

8. 

Mean  Td  corrected  for  rate,  temperature,  and  pressure  =  1.0063565 

Correction  for  cylinder . =  —  36 

Correction  for  flexure . =  —  89 


1.0063440 

Correction  for  improved  constants .  —  2 


Td  =  1.0063438 

HEAVY  END  UP. 

Mean  T^  corrected  for  rate,  temperature,  and  pressure  =  1.0065487 

Corrected  for  cylinder . =  —  71 

Corrected  for  flexure .  . =  —  39 


1.0065377 

Correction  for  improved  constants . =—  3 


T,,  =  1.0065374 

Reduction  of  experiments  at  high  temperatures. 

HEAVY  END  DOWNT. 

The  half  set. 

s. 

Mean  Td  corrected  for  rate  and  pressure  and  reduced  to  35°  C.  =  1.0065357 

Eeduction  to  15^  C.  Correction  for  expansion .  =  —  1850 

Correction  for  atmospheric  effect — First  part .  =  +  181 

Second  part .  =  +  5 

Correction  for  flexure,  bells,  and  cylinder .  =  —  168 


Td  =  1.0063525 

Correction  for  erroneous  temperature .  =  —  65 


1.0063460 

HEAVY  END  UP. 

The  half  set. 

S. 

Mean  T^  corrected  for  rate  and  pressure,  and  reduced  to35o  C.  =  1.0067097 

Eeduction  to  15®  C.  Correction  for  expansion .  =  —  1850 

Correction  for  atmospheric  effect — First  psut .  =  +  414 

Second  part .  =  +  10 

Correction  for  flexure,  bells,  and  cylinder . .  =  —  168 


T„  =  1.0065503 

Correction  for  erroneous  temperature .  =—  flfl 


1.0065437 
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Reduction  of  experiments  at  high  temperatures — Continued. 


HEAVY  END  UP — Continned. 


At  30  inches  (not  included  in  half  set). 

Mean  T,,  corrected  for  rate  and  pressure,  and  reduced  to  35°  C. 

Correction  for  inequality  of  knives . 

Eeduction  to  15°  C.  Correction  for  expansion . 

Correction  for  atmospheric  effect — First  part . 

Second  part . 

Correction  for  flexure,  bells,  and  cylinder . 


8, 

=  1.0066882 
=  +  74 

=  -  1850 

=  +  414 

=  +  10 

=  -  168 


Correction  for  erroneous  temperature 


At  2.25  inches. 

1878,  April  26.  corrected  for  rate  and  brought  to  35o  C  . . . 

Correction  for  inequality  of  knives . 

Correction  for  expansion  from  15^  C . 

Correction  for  atmosp.  eftect — First  part. . 

Second  part. 

Correction  for  flexure,  bells,  and  cylinder. 
Correction  for  erroneous  temperature . 


At  1.25  inches, 

1878,  April  24.  Tu  corrected  for  rate  and  brought  to  35^  C . . 

Correction  for  inequality  of  knives . 

Correction  for  expansion  from  15^  C . 

Correction  for  atmosp.  effect — First  part . 

Second  part 

Correction  for  flexure,  bells,  and  cylinder 
Correction  for  erroneous  temperature . 


-u  — 

1.0065362 

= 

— 

66 

1.0065296 

s. 

= 

1.0060497 

= 

+ 

74 

= 

— 

1850 

= 

+ 

5935 

= 

+ 

919 

= 

— 

168 

•u  — 

1.0065407 

= 

— 

78 

1.0065329 

8. 

=; 

1.0060088 

= 

+ 

74 

= 

— 

1850 

= 

+ 

6138 

= 

+ 

1007 

= 

— 

168 

\  __ 

u  — 

1.0065289 

= 

— 

79 

1.0065210 
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Calculation  of  [T*  Inv,\  and  [T*  Rer>.\. 


Half  set  at 

At  30  inches 

At  15  inches 

At  7^  inches 

At  1  inch  up 

At  fV 

Regular  set. 

high  temper- 

up  and  30 

up  and  15 

up  and  5 

and  1|  inches 

up  and  i  inch 

atures. 

inches  down. 

inches  down. 

inches  down. 

down. 

down. 

g. 

g. 

g. 

g. 

g. 

g. 

Td  corrected  for  rate,  temperature, 

pressure,  and  wear  of  knife-edges - 

1.  00(53438 

1.  0063460 

1. 0063488 

1.  0063374 

1.  0063359 

1.  0063419 

1.  0063428 

Td* . 

1.  0127278 

1. 0127323 

1.  0127379 

1. 0127150 

1.  0127119 

1.  0127240 

1. 0127258 

Reduction  to  Paris  length . 

—  45 

- 

—  45 

45 

—  45 

-  45 

—  45 

Corrected  Td* . 

1. 0127233 

1.  0127228 

1.  0127334 

1.  0127105 

1.  0127074 

L  0127195 

1.  0127213 

Tu  corrected  for  rate,  temperature. 

pressure,  and  wear  of  knife-edges - 

1.  0065374 

1. 0065437 

1.  006.5394 

1.  0065449 

1.  006.5328 

1.  0065240 

1.  0065315 

T«* . 

1.  0131175 

1  1. 0131302  1 

1.  0131216 

j  1. 0131326 

1.  0131083 

1  1. 0130906 

1  L  0131057 

Correction  for  stretching . . 

+  10 

1  +  10 

+  10 

1  -H  10 

+  10 

+  10  1 

1  +  10 

Reduction  to  Paris  length . 

i  +  10^  1 

1  4-  104 

j  -H  104 

+  104 

-f-  104 

1 

•  +  104 

Corrected  Tu* . . . 

1  1. 0131289 

1.0131416  ' 

1. 0131330 

1.  0131440 

1.0131197 

1.0131020 

!  1. 0131171 

|(Td*-hT«*) . 

1. 0129261  * 

1.  0129322 

1 

!  1.0129332  1 

1.  0129272 

1.0129135 

1. 0129107 

L  0129192 

i  (Td*  — Tu*) . 1 

—  2028 

—  2094 

—  1998 

—  2167 

—  2061 

-  1912 

—  1979 

J(Td*  — T.*) . 1 

Ad  -f  Au 

—  797 

—  823 

—  785 

—  851 

—  810 

—  751 

—  778 

^■'■*".i(Td*-T«*) . 

hi  —  Au 

—  5162 

—  5330 

1 

—  5085 

—  5515 

-  5246 

—  4866 

—  5037  1 

[T*  Inv.J.... . 

1. 0128464  1 

1.  0128499 

1.  0128547 

1.  0128421 

1.  0128325 

1. 0128356  1 

1.0128414  1 

[T*  Rev.] . 

1.  0124099 

1.  0123992 

1  1. 0124247 

1  ! 

1.  0123757 

1.  0123889 

1. 0124241  1 

1.0124155  1 

Calculation  of  [T®  Tnv.]  and  [T*  2?e».]  at  European  stations. 


Paris. 


Berlin. 


Td» . 

Correction  for  flexure . 

ReductiQn  to  Paris  length  . 


Corrected  Td*.- 


Tu  corrected  for  rate,  temperature,  pressure,  and  wear  of  knife-edges. 

T«* . . 

Correction  for  flexure . . . 

Correction  for  stretching . 

Reduction  to  Paris  length . . . 


Corrected  Tu*. 


I  (Td*  -  Tu*) 

hi  -  hr 


V±4^.i(Td«-T,^). 

Ad  —  Au 

tT*Inv.] . 

[T*Rev.] . 


;  1.0060.510 

1.  0121386 

-  1495 

1. 0058980 

1. 0118308 

1495 

12 

1.  0059296 

1. 0118944 

-  -  1495 

-  21 

. 

1.  0119891 

1.  0116801 

1. 0117428 

1.  0061971 

1.  0124326 

-  650 

+  10 

1.  0060378 

1.  0121121 

-  650 

+  10 
+  27 

1.  0060690 

L  0121748 

-  650 

f  10 

+  47 

. 

1 

1. 0123686 

1.  0120508 

1.0121155  1 

1.0121788 

1  -  1898 

1.  0118654 

1854 

L  0119292 

-  1864 

746 

-  729 

-  732 

-  4832 

-  4720 

4744 

1. 0121042 

1. 0116966 

L  0117926 

1. 0113934 

L  0118560 

L  0114548 

Kew. 
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PEOGEESS  SKETCHES. 

Ko.  1.  General  process. 

2.  Chart  showing  positions  of  magnetic  stations  occupied  between  1833  and  1877. 

3.  Chart  showing  longitude-stations  and  connections  determined  by  means  of  the  electric 

telegraph  between  1840  and  1877. 

4.  Section  I.  Korthern  part. 

5.  Section  ,  I.  Primary  triangulation  between  the  Hudson  and  Saint  Croix  Eivers. 

6.  Section  II.  Triangulation  and  geographical  positions  between  Point  Judith  and  Kew 

York  City. 

7.  Section  U.  Triangulation  and  geographical  positions  between  Kew  York  City  and  Cape 

Henlopen. 

8.  Section  III.  Chesapeake  Bay  and  tributaries. 

9.  Section  IV.  Coasts  and  sounds  of  North  Carolina. 

10.  Section  III.  Primary  triangulation  between  the  Maryland  and  Georgia  base-lines  (north¬ 

ern  part). 

11.  Sections  TV  and  V.  Primary  triangulation  between  the  Maryland  and  Georgia  base-lines 

(southern  part). 

12.  Section  V.  Coasts  of  South  Carolina  and  Georgia. 

13a.  Section  VI.  East  coast  of  Florida,  Amelia  Island  to  Halifax  Eiver. 

136.  Section  VI.  East  coast  of  Florida,  Halifax  Eiver  to  Cape  Canaveral. 

14.  Section  VI.  West  coast  of  Florida,  Tampa  Bay  and  vicinity. 

15.  Section  VII.  We^t  coast  of  Florida^  Saint  Joseph’s  Bay  to  Mobile  Bay. 

16.  Section  VIII.  Coast  of  Alabama,  Mississippi,  and  Louisiana. 

17.  Section  IX.  Coast  of  Texas. 

18.  Section  X  (lower  sheet).  Coast  of  California,  from  San  Diego  to  Point  Sal. 

19.  Section  X  (middle  sheet).  Coast  of  Califoniia,  from  Point  Sal  to  Tomales  Bay. 
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and  Section  XI  (lower  sheet).  Coast  of  Oregon,  from  the  California  line  to 
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LETTER 


OF 

THE  SECRETARY  OF  THE  NAVY, 

COMMUNICATING, 

In  compliance  with  a  Senate  resolution  of  March  3, 1879,  the  reports  of  survey  of  the  Panama  and  Napipi 

interoceanic  ship-canal  routes  made  in  1875. 


Navy  Department, 

.  Washington,  March  7, 1879. 

Sib:  In  compliance  with  a  resolution  of  the  Senate  of  the  3d  install t,  I  have  the  honor  to 
transmit  the  reports  of  survey  of  the  Panama  and  Napipi  interoceanic  ship-canal  routes  made  in 
1875,  with  the  accompanying  maps. 

Very  respectfully. 


Hon.  William  A.  Wheeler, 

Vice-President  of  the  United  States. 


E.  W.  THOMPSON, 
Secretary  of  the  Navy. 
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EXPLORATIONS  AND  SURVEYS 

FOR  THE 

LOCATION  OF  A  SHIP-CANAL 

BETWEEN  THE 

ATLANTIC  AND  PACIFIC  OCEANS 

THROUGH  THE 

ISTHMUS  OF  PANAMA, 

1876, 

BT  A  UNITED  STATES  NAVAL  EXPEDITION, 


Commander  EDWARD  P.  LULL,  Commanding. 
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REPORT  OF  COMMANDER  EDWARD  P.  LULL,  U.  S.  N., 
COMMANDING  EXPEDITION. 


Washington,  D.  0.,  November  20, 1875. 

Sib  :  I  have  the  honor  to  present  the  following  report  of  the  operations  of  the  United  States 
surveying  expedition  lately  employed  in  seeking  a  route  for  an  interoceanic  canal  thi'ough  the 
Isthmus  of  Panama. 

The  expedition  was  organized  immediately  upon  the  receipt  of  the  following  orders  and  instruc¬ 
tions  from  the  Department,  viz: 

Naatt  Department, 

Washingtm,  D,  C.,  December  29,  1874. 

Sir:  Upon  the  request  of  the  Interoceanic  Canaf  Commission  for  more  specific  information  in  relation  to  the 
Isthmus  of  Panama,  in  general  in  the  vicinity  of  the  line  of  railroad,  you  .are  detailed,  and  will  proceed  in  the  steamer 
of  January  2,  from  New  York  for  Aspinwall,  with  the  party  of  officera  ordered  to  report  to  you. 

Your  thorough  experience  in  these  matters  relieves  the  Department  from  preparing  minute  and  contingent  instmc 
tions.  You  will,  however,  obtain  specific  information  on  the  following  points,  viz: 

1st.  In  relation  to  water-supply  and  the  points  whence  it  should  be  drawn  for  an  interoceanic  canal,  if  constructed 
upon  the  Isthmus  of  Panama. 

2d.  The  difficulties  that  may  exist  from  floods. 

3d.  Actual  locations  of  the  most  practicable  line  or  Imes,  with  locations  of  locks,  if  the  route,  upon  examination, 
should  render  this  advisable. 

4th.  Observation  as  to  whatever  in  the  way  of  material  or  other  conditions  would  look  to  the  general  question  of 
construction,  whether  of  advantage  or  disadvantage.  • 

5th.  To  obtain  in  advance  from  the  Panama  Raifroad  Company  whatever  iuform.ation  as  to  levels,  known  to  be 
authentic^  the  company  may  be  disposed  to  give  you,  wliich  may  form  a  basis  for  your  special  careful  instrumental  ^ 
examination. 

6th.  By  the  aid  of  a  tug,  and  whatever  other  facilities  may  be  necessary,  to  enter  the  Chepo  River,  making  such 
examinations  of  it  as  may  be  thought  advisable  after  inspection.  It  is  suggested,  if  the  near  approaeh  of  massive 
solid  ground  on  both  sides  of  the  Chepo  should  make  it  possible  by  dams  to  floo<l  considerable  areas  and  distances  for 
slack- water  navig.ation,  that  it  might  be  found  practicable  in  connection  with  a  tunnel  of  considerable  length  to  the 
Gulf  of  San  Bias.  If  the  prosecution  of  this  examination  should  be  found  a<hdsable,  put  it  in  such  a  shape  as  wiU  not 
lead  to  doubts  as  to  relative  practicability. 

If  the  short  time  given  you  to  complete  an-augements  is  insufficient,  arrange  to  have  shelter-tents,  or  whatever 
else  is  required,  forwarded  to  you  by  the  next  steamer. 

Paymaster  F.  H.  Clark  is  assigned  to  your  party,  and  a  bill  of  credit  is  at  Paymaster  Cutter’s  office,  drawm  in  your 
favor,  for  $3,000.  It  is  supposed  that  an  appropriation  asked  for  will  soon  be  passed  for  this  work,  when  a  fiulher 
bill  of  credit  will  be  sent  to  you,  chargeable  to  that  appropriation.  If  otherwise,  your  necessary  expenses  will  be  met 
in  another  way  at  an  early  day. 

Yon  are  authorized  to  appoint  a  draughtsman  at  $150  per  month,  and  an  assistant  at  $50  per  mouth,  and,  in  gen¬ 
eral,  to  secure  the  services  of  such  persons  as  may  be  necessary  to  the  proper  and  speedy  execution  of  this  work,  and 
yon  will  keep  the  Department  informed  of  its  progress.  You  are  also  authorized  to  api>omt  a  clerk. 
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Upon  its  completion  you  will  return  with  your  party;  and,  if  the  rainy  season  intcrruj)t8  your  work  to  such  a  degree 
as  to  render  it  ad^^8able  to  leave,  you  will  do  so  without  special  instructions  from  the  Department,  and  proceed  to  this 
city  with  such  of  your  party  a.s  may  be  found  ii8(*ful  in  bringing  ui)  the  work,  and  order  the  remainder  to  their  homes. 
Verj-  respectfully,  your  obedient  servant. 


Commander  E.  P.  Lull,  U.  S.  N., 

Torpedo  Station/ Newport^  E.  I. 


GEO.  M.  ROBESON, 

Secretary  of  the  Navy. 


I  arriv^ed  in  iN^ew  York  in  obedience  to  the  above  order  on  the  morning  of  the  30th,  meeting  by 
appointment  Civil  Engineer  A.  G.  Menocal,  TJ.  S.  N.,  who  was  attached  to  the  expedition  as  chief 
engineer.  We  at  once  set  about  procuring  the  outfit  for  the  expedition. 

The  experience  of  former  years  having  made  us  thoroughly  acquainted  with  our  needs,  we  met 
with  no  delay;  and,  thanks  to  the  kindness  of  the  Department,  tlie  Bureaus  of  Kavigation  and  of 
Provisions  and  Clothing,  in  approving  by  telegraph  requisitions  for  money,  instruments,  and  pro¬ 
visions;  to  the  facilities  afforded  by  the  Vice-Admiral  commandant  of  the  New  York  station,  and  to 
the  assistance  rendered  by  Pay  Director  George  F.  Cutter,  the  purchasing  pay-officer,  we  were 
enabled  to  sail  January  5  (the  mail-steamer  having  fortunately  postponed  her  departure  until  that 
day),  with  our  outfit  complete  in  every  particular. 

The  following  officers  were  attached  to  the  expedition,  viz:  Commander  Edward  P.  Lull,  United 
States  Navy,  commanding;  Civil  Engineer  A.  G.  Menocal,  United  States  Navy,  chief  engineer; 
Lieut.  Eugene  H.  C.  Leiitz^,  United  States  Navy;  Lieut.  II.  G.  O.  Colby,  United  States  Navy; 
Lieut.  Edward  W.  Very,  United  States  Navy;  Lieut.  Edward  D.  Taussig,  United  Sbites  Navy; 
Lieut.  Jefferson  F.  Moser,  Uniteil  States  Navy  (joined  January  25) ;  Master  John  H.  C.  Coffin, 
United  States  Nav-y;  Master  Henry  L.  Greene,  United  States  Navy;  Assistant  Surgeon  John  F. 
Bransford,  United  States  Navy;  Assistant  Paymaster  Frank  H.  Clarke,  United  States  Navy; 
draughtsman,  James  B.  Philp;  commander’s  clerk,  John  E.  Buck.  Of  these,  Messrs.  Menocal, 
Leutz6,  and  Moser  were  officers  of  large  experience  in  this  character  of  work,  having  served  in 
several  previous  expeditions.  Dr.  Bransford  and  Mr.  Buck  had  served  in  one  of  the  Nicaragua 
expeditions.  Five  intelligent  young  men  were  engaged  to  serve  as  rodmen,  polemen,  and  chain- 
men. 

The  expedition  was  provided  with  the  following  instruments,  the  greater  part  of  which  had 
been  used  in  previous  surveys,  viz :  Two  transits,  three  spirit-levels,  two  gradienters,  three 
sextants,  one  artificial  horizon,  two  pocket  aneroid  barometers  for  measuring  heights,  one  current- 
meter,  three  100-feet  chains,  one  50-feet  chain,  three  binocular  field-glasses,  three  sets  of  drawing- 
instruments,  together  with  the  necessary  field  note  books,  stationery,  drawing  materials,  &c. 

The  outfit  consisted  of  36  shelter-tents,  made  of  light  duck  water-proofed,  36  mosquito-bars, 
18  knapsacks,  24  rubber  blankets,  15  rubber  pillows,  36  ship’s  hammocks,  36  canteens,  72  pairs  of 
leggings,  100  pairs  of  shoes,  36  tin  pots,  pans,  and  spoons,  24  machebis,  6  axes,  6  hatchets,  6  camp- 
kettles,  6  frying-pans,  2  geologist’s  hammers,  4  lanterns,  2  dozen  porcelain -lined  iron  plates,  &c. 

Of  provisions,  there  were  only  provided  soup*  and  bouilli,”  tomato  soup,  sugar,  coffee,  and 
candles,  and  a  small  quantity  of  condensed  milk,  as  the  locality  in  which  we  were  to  work  was 
near  enough  to  the  cities  of  Aspiuwall  and  Panama  to  enable  us  to  procure  all  other  required 
articles  from  them. 

The  expedition  sailed  (with  the  exception  of  Lieutenant  Moser,  ordered  to  proceed  in  the 
following  steamer)  January  5,  1875,  in  the  Pacific  Mail  Steamship  Acapulco,  from  New  York, 
and  arrived  in  Aspinwall  on  the  14th  of  the  same  month.  Through  the  courtesy  of  Mr.  William 
Thompson,  the  superintendent  of  the  Panama  Eailroad,  there  was  put  at  our  service,  without  cost, 
a  store-room,  into  which  all  the  property  of  the  expedition  was  placed  until  needed. 

It  was  resolved  to  place  two  parties  in  the  field,  and  these  were  organized  at  once. 

Party  No.  1  consisted  of  the  following  officers  and  others:  Lieut.  E.  H.  C.  Leutz6,  commanding  j  . 
Lieut.  E.  W.  Veiy,  in  charge  of  transit;  Master  J.  H.  G.  Coffin,  in  charge  of  spirit-level ;  H.  S.  Flem¬ 
ing,  rodman;  Mancel  Philp,  chainman  ;  Charles  A.  Smith,  poleman. 

Party  No.  2  consisted  of :  Lieut.  H.  G.  O.  Colby,  commanding ;  Lieut.  E.  D.  Taussig,  in  charge 
of  transit ;  Master  H.  L.  Greene,  in  charge  of  spirit-level ;  Clerk  J.  E.  Buck,  to  lead  the  line ;  J.  H. 
Westerfield,  chainman ;  Robert  S.  Burnett,  rodman. 
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This  arrangement  continued  until  the  arrival,  on  the  25th  of  the  same  month,  of  Mr.  Moser, 
who  was  assigned  to  the  charge  of  the  level  in  Lieutenant  Colby’s  party,  and  Mr.  Greene  was 
transferred  to  that  of  Lieutenant  Leutz^,  where  he  was  placed  at  the  head  of  the  line.  The 
paymaster  and  draughtsman  were  stationed  at  Aspinwall,  whidi  was  made  a  depot  of  supplies. 
This  arrangement  left  the  commanding  officer,  the  chief  engineer,  and  Dr.  Bransford  free  to  move 
finm  party  to  party,  as  occasion  required. 


THE  PROBLEM. 

It  having  been  concluded,  from  our  previous  knowledge  of  the  best  j)rofile  obtainable  across 
the  Isthmus  of  Panama,  that  a  thorough  cut  from  tide-water  to  tide- water,  or,  in  other  words,- a 
canal  without  locks,  was  impracticable,  at  least  in  a  commercial  sense,  and  conseciuently  that 
water  for  the  canal  must  be  drawn  from  some  other  source  than  the  seas  themselves,  the  ques¬ 
tion  of  water-supply  became,  as  your  instructions  state,  the  first  and  most  important  point  to  be 
considered;  for  unless  that  could  be  satisfactorily  solved,  no  other  question  need  be  considered  at 
all.  The  requirements  were  an  ample  supply  at  the  dryest  season  of  the  year,  and  an  ample 
escape  for  the  superabundant  waters  at  other  times,  which  latter  phase  of  the  subject  w^  quite  as 
important  as  the  former.  After  fulfilling  these  conditions,  the  next  part  of  the  problem  was  to 
obtain  the  most  favorable  location  for  the  line,  combining  the  question  of  profile,  distance,  the 
avoidance  of  insurmountable  obstructions,  and  the  debouchment  into  harbors  or  localities  where 
harbors  could  be  built  at  cost  within  the  limits  of  commercial  practicability. 

The  character  of  the  excavation  and  the  supply  of  materials  for  construction  were  important 
though  subordinate  questions. 

As  is  well  known,  a  railroad  exists  between  the  ports  of  Aspinwall,  or  Colon,  on  the  Caribbean, 
and  Panama,  on  the  Pacific.  This  road  was  built  after  a  careful  and  exhaustiv^e  survey  made  by 
several  eminent  American  engineers,  and  doubtless  its  profile  is  the  most  favorable  for  a  railroad 
that  could  be  found.  The  surveys  upon  which  the  road  was  constructed  had  developed  a  knowl¬ 
edge  of  the  toi)ography  of  that  portion  of  the  Isthmus  to  a  degree  that  saved  us  a  vast  deal  of 
work  which  had  attended  most  other  ex])editions  for  the  same  purpose,  ^iz,  the  elimination  of 
lines  more  or  less  promising,  and  which  have  to  be  examined  at  least  far  enough  to  demonstrate 
their  impracticability.  The  rivers,  including  many  of  the  small  mountain  streams,  were  located 
both  upon  the  published  maps  and  upon  the  plans  in  possession  of  the  railroad  company  with  a 
tolerable  degree  of  accuracy,  and  the  coast  line  on  either  side  was  well  located  upon  marine  charts. 
Mr.  Thompson,  the  superintendent  of  the  road,  and  his  successor,  Mr.  White  (who,  by  the  way, 
had  been  our  fellow-passenger  in  the  Acapulco),  kindly  placed  at  our  disposal  all  of  the  maps, 
plans,  and  profiles  in  their  possession. 

By  a  glance  at  the  map  it  will  be  seen  that  the  general  trend  of  the  Isthmus  of  Panama  is 
east  and  west,  the  port  of  Panama  lying  almost  southeast  of  Aspinwall.  The  river  Chagres  takes 
its  rise  somew  here  in  the  vicinity  of  San  Bias  (its  exact  source  is  not  known),  flows  in  a  generally 
west-southwest  direction  until  it  reaches  the  village  of  Matachin,  near  which  it  turns  to  the  north¬ 
west  and  flows  in  a  tortuous  course  to  the  Caribbean,  its  mouth  being  some  seven  miles  to  the 
westward  of  Aspinwall.  This  river  is  the  only  source  from  which  an  adequate  supply  of  water  can 
be  obtained  for  a  canal,  and  indeed  it  was  much  doubted  by  most  persons  familiar  with  it  whether 
in  the  dry  season  even  that  source  could  be  depended  upon.  To  this  river  then,  or  no  where  were 
we  to  look  for  the  solution  of  the  first  point  of  our  problem. 

The  question  of  the  termini  had  next  to  be  looked  to.  The  Bay  of  Aspinwall,  or  Navy  Bay  as 
it  is  called  upon  the  old  charts,  although  exposed  to  northers,  which  are  fortunately  rare  upon  the 
coast,  is  a  harbor  reasonably  seimre  from  the  prevailing  northeast  trade-winds.  It  is  very  com¬ 
modious,  and  could  easily  be  rendered  entirely  safe  in  all  weathers. 

There  is  no  harbor  within  accessible  distance  to  the  westward  of  Aspinwall  or  any  chance  of 
constructing  one  without  enormous  cost.  The  mouth  of  the  Chagres  can  only  be  entered  by 
coasters  of  the  smallest  class.  To  the  eastward,  and  distant  some  eighteen  miles  from  Aspinwall, 
there  is  the  beautiful  harbor  of  Porto  Bello.  Our  choice  for  an  Atlantic  terminus  lay  between 
these  two  harbors,  and  the  reasons  which  decided  us  upon  which  one  to  choose  will  be  given 
S.  Ex.  75 - 2 
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further  on.  On  the  Paeitic,  we  had  the  great  bay  of  Panama  into  wliieh  to  debouch  at  any  point 
where  it  sliould  prove  most  a<lvantageous. 

In  184'^  a  plan  was  publislied  by  Mons.  GaiTella,  a  French  engineer,  for  a  canal  across  the 
Isthmus,  and  is  thus  described  by  Kear-Admiral  Davis  in  his  report  to  Congress  on  the  subject  of 
interoceanic  canals,  1866  :  * 

This  rout(^  was  selected  only  after  a  careful  inspection  of  the  intervening  space  and  after  making  the  requisile 
levelings.  It  will  he  seen  hy  this  map  that  he  follows  the  valleys  of  Bernardino  and  Caimito  on  the  southern  descent, 
an<l  those  of  Inebrado  ami  Chagres  on  the  northern.  The  mountainous  region  approaches  very  near  the  Pacific,  and 
its  highest  elevation  is  459  feet  above  the  level  of  the  sea.  He  tunnels  the  mountain  at  about  99  meters  (:^24  feet  9 
inches)  below  its  higlu‘st  point ;  and  he  establishes  his  summit-level  for  a  distance  of  25,3()1  feet  at  an  elevation  of  1^55 
feet  above  high-water  from  the  Pacific  Ocean.  From  this  summit-level  he  de^scends  to  the  Pacific  Ocean  by  means  of 
seventeen  locks,  some  of  which  are  necessarily  very  much  crowded.  On  the  other  side  he  descends  to  the  Atlantic  by 
eighteen  locks,  which,  owing  to  the  mon^  gradual  descent  on  the  north,  are  more  conveniently  spaced. 

It  is  remarkeil  by  the  commissioners  of  the  “  ponte  et  chanss(?es.”  appointed  to  report  on  Mr.  Garrella’s  project, 
that  his  mode  of  proceeding  is  reasonable,  and  entirely  in  conformity  with  the  rules  of  art. 

A  glance  at  the  plan  and  profile  shows  that  the  near  approach  of  the  chain  of  the  Andes  to  the  Pacific  Ocean 
obliges  him  to  pni-sne  the  coni-se  he  1ms  adopted.  Of  the  whole  length  of  the  summit-level,  17,550  feet  are  subter¬ 
ranean ;  and,  as  the  commission  observes,  this  is  not  only  inconvenient  to  vesscds,  but  it  involves  great  expense,  since 
the  tunnel  must  be  sufficiently  high  to  allow  vessels  to  pass  through  with  their  lower  masts,  at  least,  standing. 

The  means  of  feeding  the  canal  are  not  satisfactorily  stated.  Th(^ river  Chagres  Avas  gauged,  it  is  true,  at  Cruces 
and  at  Gorgona,  but  the  riv^er  is  to  be  tapped  above  these  jmints.  Provision  is  also  macle  for  an  auxiliary-  reservoir ; 
still,  the  commission  is  not  satisfied  on  this  question. 

The  harbors  which  form  the  termini  of  the  canal  are,  on  the  Atlantic  side.  Navy  Bay,  and  on  the  Pacific  side  the 
bay  of  Vaca  del  Monte. 

Garrella  proposed  to  use  the  bed  of  the  Chagres  for  a  portion  of  the  distance ;  and,  in  order  to 
reduce  his  profile,  proposed  to  occupy  the  valleys  of  small  streams,  without  making  provision  for 
the  waters  of  these  streams  except  by  receiving  them  into  the  canal.  His  plan  was  based  upon 
very  limited  knowledge  of  the  topography  of  the  country ;  and,  in  the  light  of  our  present  infor¬ 
mation,  has  not  a  feature  worth  considering. 

Much  more  recently,  during  or  after  the  construction  of  the  railroad,  plans  and  estimates  were 
made  by  Colonel  Totten,  the  distinguished  chief  engineer  of  the  road,  for  a  canal  to  be  located  in 
the  vicinity  of  the  road  itself,  and  drawing  its  waters  from  the  Chagres  by  means  of  a  feeder. 
Colonel  Totten’s  estimates  were  furnished  me  by  Commodore  Ammen,  Chief  of  the  Bureau 
of  Navigation,  and  also  by  Prof.  J.  E.  Nourse,  U.  S.  N.  No  maps  or  profiles,  however,  could  be 
obtained  showing  the  exact  location.  A  few  pencil  lines  upon  one  of  the  maps  lent  us  by  the 
superintendent  of  the  road  were  supposed  by  him  to  indicate  Colonel  Totten’s  line;  but,  as  our 
own  subsequent  location  differed  from  it  very  materially,  1  was  1  ed  to  doubt  whether  this  was  the 
case;  nor  have  I  been  able  to  ascertain  whether  Colonel  Totten  actually  made  a  survey  for  the 
canal  route,  or  whether  this  estimate  was  made  upon  his  knowledge  of  the  topography  obtaine<l 
during  the  survey  of  the  road.  In  the  absence  of  this  information,  we  were  obliged  to  locate  our 
line  altogether  for  ourselves,  as  much  so  as  if  no  plan  had  ever  been  proposed  by  him. 

PRELIMINARY  RECONNAISSANCE. 

January  16,  Mr.  Menocal  and  myself,  taking  with  us  maps  and  profiles,  passed  over  the  line  of 
the  railroad  on  a  general  reconnaissance,  with  the  view  of  acquiring  such  information  as  we. could 
before  laying  out  the  work  of  the  expedition. 

By  examining  numerous  high-water  marks,  we  found  that  the  river  Chagres,  at  that  time  at  its 
low  stage,  was  subject  to  freshets  which  elevated  its  surface  not  less,  in  extreme  cases,  than  35  feet. 
All  idea,  therefore*,  of  making  a  combined  use  of  its  bed  and  of  independent  canal  for  ship  naviga¬ 
tion,  as  proposed  by  Mr.  Garrella,  had  to  be  abandoned  at  once,  particularly  in  view  of  the  great 
suddenness  of  these  freshets.  The  high-water  marks  had  been  carefully  preserved  by  several  per¬ 
sons,  and  their  elevation  was  measured  with  the  spirit-level. 

We  had  alreswly  decided  that  the  Atlantic  terminus  must  be  to  the  eastward  of  the  mouth  of 
the  Chagres ;  this  involved  the  necessity  of  the  canal’s  crossing  the  river,  and  one  of  the  main 

*  Report  on  Interoceanic  Canals  and  Railroads  between  the  Atlantic  and  Pacific  Oceans,  by  Rear-Admiral  Charles 
H.  Davis,  Superintendent  U.  S.  Naval  Observatory,  1H66. 
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objects  of  our  reconnaissance  was  to  determine  approximately  where  the  crossing  should  be.  As 
the  enormous  variation  in  the  amount  of  the  river-flow  precluded  the  possibility  of  receiving  its 
waters  directly  into  the  canal,  an  aqueduct — or  probably  a  better  term  would  be  viaduct — had  to  be 
provided  for,  through  culverts  under  which,  the  waters  of  the  river  should  pass.  The  culverts  must 
be  made  of  sufficient  dimensions  to  pass  the  water  at  its  highest  stage.  A  brief  computation 
showed  what  must  be  the  difference  of  level  between  the  suiface  of  the  water  in  the  proposed  via¬ 
duct  and  the  surface  of  the  river  at  its  then  stage,  thus : 

.  Feet 


For  rise  of'  river* .  35 

Spring  of  arch  of  culvert .  15 

Thickness  of  wall  over  crown  of  arch .  6 

Depth  of  water  in  viaduct .  26 

Total . 82 


The  summit-elevation  of  the  canal  could,  therefore,  not  be  less  than  82  feet  above  that  of  the 
river  at  the  point  of  crossing,  computing  from  the  lowest  stage  of  the  water  in  the  river.  All  refer¬ 
ences  to  the  level  of  the  river  surface  will  hereafter  refer  to  that  stage,  unless  otherwise  specified. 

By  refen*ing  to  the  profile  of  the  raih'oad,  we  found  tiiat  the  river  at  the  great  bend  near  Mata- 
chin,  and  just  above  the  confluence  with  the  river  Obispo,  was  approximately  42  feet  above  mean 
tide  of  either  sea;  this  added  to  the  82  feet  would  make,  should  that  point  be  chosen  for  the 
crossing,  124  feet  as  the  summit-level  of  the  canal.  An  elevation  of  124  feet  would  involve  at  least; 
twelve  lift-locks  on  either  side,  or  twenty-four  in  all.  This  we  regarded  as  the  greatest  number 
admissible,  particularly  in  comparing  the  line  with  that  through  Nicaragua,  where  only  ten  of  a  side 
were  required.  This  decided  us  that  we  could  not  go  any  liigher  up  the  river ;  or,  in  other  words, 
that  the  line,  at  least  at  the  point  of  crossing,  could  not  be  carried  any  farther  to  the  eastward.  A 
direct  line  drawn  from  Porto  Bello  to  Panama  would  pass  considerably  to  the  eastward  of  this 
point,  and  a  line  drawn  from  this  point  to  Porto  Bello  would  be  several  miles  longer  than  one 
drawn  to  Navy  Bay  or  Aspiuwall.  In  addition  to  this  argument  in  favor  of  the  selection  of  Aspin- 
wall,  was  the  unmistakable  evidence  that  a  much  higher  profile  would  be  found  in  the  direction  of 
Porto  Bello,  which  existed  in  the  fact  that  the  Chagres  received  numerous  not  inconsiderable  tribu 
taries  from  that  direction,  known  to  take  their  rise  far  to  the  eastward. 

This  locality  presented  some  other  features  favorable  for  a  point  of  crossing,  mainly  in  the  con¬ 
formation  of  the  ground  on  either  side.  The  profile  of  the  cross-section  showed  good  abutments 
for  the  ends  of  the  vituluct  and  at  the  same  time  ample  room  in  the  valley  of  the  stream  for  the 
construction  of  culverts  for  the  escape  of  the  river-flow.  The  exact  point  was,  of  course,  not 
chosen  until  several  cross-sections  had  been  taken,  but  the  immediate  vicinity  of  the  bend  was 
determined  upon  at  the  first  recennaissauce  as  the  place  in  which  to  seek  for  it.  The  bend  is  on 
the  Atlantic  slope  of  the  Cordillera,  and,  on  the  line  of  the  railroad,  is  but  six  miles  from  the  divid 
ing  summit. 

Passing  the  divide,  we  found  the  descent  of  the  Pacific  slope  quite  rapid,  and  by  examining  the 
profile  of  the  railroad,  it  api)eared  that  with  a  summit-level  of  124  feet  we  should  have  a  deep  cut 
of  but  little  more  than  five  miles  in  length,  even  if  we  could  not  improve  on  that  profile,  which  we 
hoped  to  do.  A  lower  summit-level  would,  of  course,  increase  the  length  of  the  deep  cut,  which 
consideration  added  to  our  determination  not  to  seek  a  lower  point  of  the  river  for  crossing. 

Having  completed  our  preliminary  examination,  we  proceeded  to  Panama  to  make  arrange¬ 
ments  for  procuring  laborers  to  act  as  macheteroSj  or  choppers,  and  some  supplies.  Calling  upon  an 
old  personal  friend  of  my  own,  Mr.  Henry  Lewis,  we  were  by  him  introduced  to  Messrs.  Dellatorre 
&  Co.,  resident  merchants,  whose  kind  offices  he  solicited  for  us.  These  gentlemen,  both  in  a 
business  way  and  through  personal  attentions  of  two  members  of  the  house  (Mr.  Dellatorre  and 

*The  extreme  height  attaiued  by  the  water  in  time  of  fresliets  is  due  to  a  considerable  extent  to  the  backing  up 
of  the  water  from  below,  and  could  be  very  largely  prevented  by  clearing  off  the  timber  in  the  short  bends  of  the  river 
below,  as  I  took  occasion  to  suggest  to  the  railroad  authorities  who  are  occasional  sufferers  from  the  encroachments  of 
the  Hoods.  In  the  abov^e  computations  we  have  set  down  the  highest  known  level  of  the  water  as  that  which  it  is 
necessary  to  provide  for,  though  for  the  reasons  here  stated  I  do  not  think,  with  proper  precautions,  it  would  ever  be 
reached. 
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Don  Geraldo  Lewis),  facilitated  us  in  every  manner  in  their  power  during  the  whole  time  of  our  stay 
upon  the  Isthmus,  and  put  us  under  many  lasting  obligations. 

I  also  took  occasion  to  call  upon  Dr.  Long,  the  United  States  consul,  to  ask  him  to  notify  the 
President  of  Panama  of  the  arrival  of  the  expedition,  and  to  ask  the  President  to  appoint  a  day 
when  I  could  call  u])on  him  and  pay  my  respects. 

On  the  following  Monday,  January  18,  I  called  upon  the  President,  with  the  consul,  and 
explained  briefly  my  instructions.  The  President  expressed  himself  very  much  pleased  with  the 
object  of  the  expedition,  and  the  interest  of  the  United  States  in  prosecuting  the  work,  and  offered 
•  us  every  facility  in  our  labors.  This  offer  he  afterward  made  goo<l  by  directing  tlie  alcaldes  of  the 
various  districts  tliroiigh  which  we  were  to  pass  to  aid  us  in  any  manner  ui  their  power.  We  had 
no  occasion,  however,  to  avail  ourselves  of  their  assistance. 

In  the  mean  time  Lieutenants  Leiitz^  and  Colby  were  completing  the  organizations  of  their 
parties,  issuing  instruments,  outfits,  &c.,  and  the  officers  in  charge  of  the  transits  and  levels  were 
employed  in  adjusting  their  instruments,  and  in  running  a  few  trial-lines  to  drill  their  assistants, 
&c.  Four  days  were  thus  spent,  making  each  person  entirely  familiar  with  his  work. 

BEOINNINO  OF  OPERATIONS. 

January  20,  having  procured  through  Messrs  Dellatorre  &  Co.  the  necessary  number  of  mache- 
teros,  I  proceeded  with  them  to  Matachin,  where  I  was  met,  by  i)revious  arrangement,  by  Messrs. 
Leutz6  and  Colby,  with  their  parties,  camp  equipments,  &c.  A  camp  was  formed  in  common  by 
the  two  parties  on  the  bank  of  the  Chagres,  about  a  mile  above  Mata4*hin,  near  where  we  proposed 
to  begin  work.  The  encampment  was  called  ‘‘Camp  Ammen,”  in  honor  of  the  Chief  of  the  Bureau 
of  Navigation,  for  the  great  interest  taken  by  him  in  the  interoceanic  canal  (question  and  the  assist¬ 
ance  he  had  rendered  to  the  various  expeditions  employed  in  attempting  its  solution. 

To  each  party  were  now  attached,  in  addition  to  the  officers  and  assistants  already  mentioned, 
one  cook,  one  servant,  and  nine  macheteros,  this  having  been  found  by  our  experience  in  former 
expeditions  to  be  the  minimum  number  consistent  with  efficiency.  A  whole  day  was  devoted  to 
the  constniction  of  the  first  camp,  in  order  to  thoroughly  instruct  those  jiersons  who  hail  not  served 
before ;  good  shelter  at  night  and  a  comfortable  place  in  which  to  sleep  being  very  important  factors 
in  the  preservation  of  health,  and,  consequently,  of  efficiency.  It  was  wonderful  how  exi>ert  each 
officer  and  man  afterward,  and  very  soon,  became  in  erecting  tents,  &c.  A  ridge-pole  and  two 
side-poles,  supported  on  forked  stakes,  properly  braceil,  and  the  whole  tied  together  with  the  tough 
flexible  vines  which  abound  throughout  the  region,  formed  the  frame- work  over,  which  a  shelter- 
tent  was  stretched,  usually  large  enough  to  accommodate  four  persons.  For  a  sleeping  arrange¬ 
ment,  each  person  was  supplied  with  a  ship’s  hammock,  to  each  side  of  which  was  attached  a  stout 
pole  ;  between  the  ends  of  these  side-poles  short  pieces,  called  spreaders,  were  secured  to  hold  the 
hammock  out  flat  or  nearly  so ;  four  forked  stakes  of  convenient  height  driven  into  the  ground 
supported  the  whole.  A  mosquito-bar,  an  India-rubber  blanket  and  pillow,  and  a  pair  of  woolen 
blankets  completed  the  affair,  and  an  exceedingly  comfortable  bed  it  made.  As  was  the  case  in 
Nicaragua,  we  seldom  found  a  night  while  in  the  interior  when  it  was  warm  enough  to  sleep 
without  blankets.  The  natives — employed  as  macheteros — generally  preferred  rolling  themselves 
up  in  their  blankets  and  sleeping uipon  the  ground  to  taking  any  trouble  in  preparing  a  bed. 

After  a  thorough  local  reconnaissance,  conducted  by  Mr.  Mcnocal,  cross-sections  were  taken, 
and  the  exact  site  of  the  viaduct  selected.  The  stream  was  gauged  at  the  same  time,  using  a  delicate 
current-meter  for  testing  the  velocities  at  different  points  in  the  cross-section.  The  daily  discharge 
was  found*  to  be  87,350,400  cubic  feet. 

It  was  then  decided  that  Lieutenant  Leutz6,  with  party  No.  1,  should  locate  the  feeder.  For 
this  puiqmse  he  was  instructed  to  run  the  traverse  and  levels  up  the  river  Chagres,  following  its 
bed  until  he  should  find  an  elevation,  at  the  surface  of  the  water  above  the  water-surface  at  the 
site  of  the  viaduct,  of  87  feet  plus  1  foot  for  each  mile  of  distance  from  the  starting-point,  or  until 
he  should  find  a  good  location  for  a  dam,  by  which  the  waters  could  be  raised  to  that  elevation. 
If  this  last  could  be  done,  as  it  was  hoped  and  afterw^ard  shown  that  it  could  be,  it  would  of  course 
materially  diminish  the  length  of  the  feeder.  It  might  here  be  explained  that  the  valley  of  the 
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river  is  inclosed  on  either  side  by  numerous  ranges  of  hills,  sometimes  approac*Jiing  the  river-banks 
and  again  receding  from  it. 

At  the  site  of  the  proposed  viaduct  the  valley  is  so  narrow  that  the  length  of  the  \  iacluct  would 
require  to  be  but  1,600  feet.  An  equally  favorable  location  for  the  dam  was  the  object  of  Mr.  Leutz^’s 
search.  On  succeeding  in  this,  he  was  to  return  on  a  grade-line,  if  possible,  until  he  should  inter¬ 
sect  the  line  of  the  canal  itself,  striving  to  make  the  shortest  distance  consistent  with  the  retention 
of  the  grade,‘which  was  to  begin  at  the  level  to  which  it  was  proposed  to  raise  the  water-siu’face  of 
the  river,  and  to  descend  gradually  until  the  proposed  level  of  the  canal  was  reached  at  the  inter¬ 
section. 

To  Lieutenant  Colby  and  his  party  was  assigned  the  work  of  locating  the  canal  between  the 
end  of  the  viaduct  and  Panama  Bay. 

As  it  could  not  be  told  what  difficulties  would  be  met  with  by  either  party,  it  could  not  be  pre¬ 
dicted  which  would  finish  first  the  work  now  in  hand ;  the  division  of  what  remained  was,  therefore, 
left  for  future  consideration. 

In  planning  the  work,  as  in  all  other  matters  relating  to  the  survey,  Mr.  Menocal  was  freely 
consulted,  and  his  ad\ice  as  freely  taken,  always  to  the  securing  of  the  best  results  in  the  obtaining 
of  information  with  the  most  economical  expenditure  of  time  and  labor. 

Asa  test  of  the  accuracy  of  the  levelers,  upon  whose  work  so  much  depended,  before  starting 
upon  the  main  lines  each  was  required  to  run  a  line  from  the  water’s  edge,  at  the  site  of  the  via¬ 
duct,  establishing  ap  initial  bench-mark,  to  the  railroad-track  near  Matachin,  a  distance  of  about  a 
mile,  and  to  return  to  the  starting-point.  Their  results  difi'ered  by  less  than  two-tenths  of  an  inch 
from  each  other  and  from  cx)incidence  with  the  level  of  the  bench. 

One  or  two  mishaps  occurred  at  the  outset,  such  as  the  breaking  of  a  tripod  and  the  bending 
of  a  vernier-arm,  each  of  which  caused  a  little  delay,  but  by  the  end  of  three  or  four  days  the  par¬ 
ties  were  fairly  under  way  and  making  good  progress. 

Lieutenant  Leutz^’s  party  followed  the  bed  of  the  river  generally,  but  cutting  off  the  bends 
whenever  possible,  in  order  to  shorten  the  distance.  This  involved  crossing  the  stream  very  often. 
The  current  in  many  places  was  quite  strong,  with  occasional  rapids.  The  water  varied  in  depth 
from  a  few  inches  to  15  and  20  feet,  making  it  very  laborious  for  the  party.  Much  greater  progress 
could  be  made  in  the  river,  however,  than  by  cutting  a  trail  on  shore,  and  for  that  reason  it  was 
followed.  After  one  or  two  dfiys’  work  the  party  began  to  accomplish  from  10,000  to  12,000  feet 
per  day. 

Lieutenant  Colby’s  party  started  on  a  general  compass-course  of  south  29^  east  toward  a  point 
which  had  been  chosen  for  crossing  the  divide,  with  directions  to  make  the  best  profile  possible ;  in 
other  words,  to  follow  a  line  which  could  give  the  least  depth  of  excavation  except  when  to  do  so 
would  so  greatly  increase  the  distance  as  to  counterbalance  or  more  than  counterbalance  the  gain, 
to  adjust  which  points  often  re<iuires  the  greatest  judgment  and  care. 

After  passing  the  ridge  of  high  ground  immediately  adjacent  to  the  river,  and  ux)on  which  the 
viaduct  was  to  abut,  the  line  fell  into  a  valley  where  the  ground  was  found  very  much  below  the 
level  x)roposed  for  the  viaduct.  We  had  determined,  for  reasons  already  given,  to  make  the  latter 
the  summit-level  of  the  canal,  and  consequently  to  carry  it  through  the  divide  until  it  intersected 
the  surface  on  the  opposite,  or  Pacific  slope.  It  therefore  seemed  as  if  a  considerable  detour  to  the 
left  would  have  to  be  made  to  keep  on  the  grade-line,  or  else  that  the  low  land  would  have  to  be 
crossed  by  means  of  a  second  viaduct.  After  some  further  examination  in  various  directions,  it  was  . 
found  that  they  were  in  a  valley  opening  to  the  right  and  falling  into  that  of  the  Obisi)o,  but  toward 
the  left  ascending  until  it  was  finally  lost  at  the  junction  of  the  two  ridges  which  formed  it.  Oon- 
tinuing  the  line  1,970  feet,  the  grade-level  was  again  reached.  It  should  here  be  exx)lained  that 
the  line  was  nmning  through  a  dense  forest,  with  the  usual  interlacing  of  vines,  undergrowth,  &c., 
a  trail  having  to  be  cleared  with  the  machetas  for  every  rod  of  advance,  so  that  it  was  seldom  that 
the  eye  could  penetrate  a  dozen  yards  in  any  direction. 

It  was  only,  therefore,  by  the  laborious  process  of  running  trial-lines  in  various  directions,  cut¬ 
ting  one’s  way  through  the  jungle,  that  any  idea  of  the  immediate  conformation  of  the  ground  could 
be  obtained.  These  reconnaissances  were  made  with  the  pocket  aneroid  barometers  and  with 
pocket-compasses.  Each  officer  was  supplied  with  a  heavy  sheath-knife,  without  the  vigorous  use 
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of  which  it  was  frequently  impossible  to  move  at  all,  so  intricate  is  the  net  work  of  tough  flexible 
vines ;  a  tree  of  considerable  size,  when  cut  down,  will  often  be  kept  from  falling  by  being  attaehed 
to  others  by  these  vines,  to  the  no  small  annoyance  of  the  chopper. 

After  obtaining  a  knowledge  of  the  formation  of  the  valley  above  spoken  of,  Mr.  Menocal  pro¬ 
posed,  as  a  substitute  for  the  \iaduct  across  it,  to  inclose  it,  with  a  dike  on  one  side,  making  a  basin 
of  22  acres  in  extent  [see  plan,  Plate  IVJ ;  later,  lines  of  levels  were  run  for  the  location  of  the  dike, 
which  will  be  found  estimated  for.  By  this  ingenious  de\Tice  what  seemed  at  first  an  obstacle  which 
it  would  be  very  expensive  to  overcome  would  be  converted  at  moderate  cost  into  a  very  desirable 
inland  harbor. 

This  was  but  one  of  the  numerous  instances,  both  here  and  in  the  Nicaragua  survey,  where  the 
judgment,  the  engineering  skill,  and  the  untiring  energy  of  Mr.  Menocfil  found  remedies  for  our 
greatest  apparent  difficulties. 

As  has  been  said,  the  party  was  following  in  general  a  compass-course.  Frequent  reconnais¬ 
sances  had  to  be  made  to  insure  preserving  the  best  profile,  and  deflections  were  made  from  the 
general  course  whenever  it  seemed  advantageous.  Several  offsets  a  day  were  made  to  the  right 
and  to  the  left,  for  greater  or  less  distances,  to  give  as  much  as  possible  of  the  contours  of  the 
ground;  the  former  were  generally  extended  to  the  railroad-track.  The  reconnaissances  were 
generally  made  by  the  chief  of  the  party,  accompanied  by  the  chief  engineer  or  the  commanding 
officer,  when  present.  With  every  precaution,  it  was  occasionally  found  that  the  line  was  running 
into  ground  so  unfavorable  that  it  was  necessary  to  go  back  for  a  distance  and  make  a  fresh  start 
in  a  new  direction. 

By  January’  29,  each  i)aity  had  extended  its  line  so  far  that  it  was  necessary  to  move  camp. 
Striking  tents,  Mr.  Leutz^,  by  means  of  canoes,  proceeded  some  eight  miles  up  the  river,  and 
established  his  party  at  “  Camp  Marguerita.’^  The  canoes,  being  deeply  laden,  were  forced  up  with 
considerable  difficulty  against  the  strong  current  in  the  various  rapids.  Mr.  Leutz^  had  acquired 
great  skill  in  handling  boats  under  similar  circumstances  during  the  Nicaragua  expeditions,  and 
succeeded  in  rapidly  overcoming  these  difficulties,  as  he  usually  did  in  cases  requiring  the  exercise 
of  will,  good  judgment,  and  muscular  force.  Camp  Marguerita  was  located  some  distance  in 
advance  of  the  head  of  the  line,  this  being  our  invariable  custom  in  moving  camp,  so  that  each  of 
the  next  two  or  three  days’  work  should  bring  the  party  at  night  nearer  and  nearer  to  their 
temporary  home ;  then,  passing  it,  a  few  days’  further  advance  would  make  another  move 
necessary. 

Through  the  courtesy  of  Superintedent  White,  there  was  placed  at  the  disposal  of  Mr.  Colby 
and  party,  at  Empire  station,  on  the  railroad,  an  unoccupied  dwelling  belonging  to  the  railroad 
company.  One  of  these  exists  at  each  four  miles  of  road,  hartug  been  formerly  occupied  by  track- 
masters,  now  discontinued.  Empire  beihg  at  a  convenient  distance  from  the  end  of  Mr.  Colby’s 
line,  and  the  station-house  ha\ing  ample  room  to  lodge  his  whole  party,  he  was  saved  the  time 
and  trouble  of  erecting  his  tents.  The  moving  was  accomplished  by  means  of  canoes  to  Matachin, 
and  thence  by  rail  to  Empire. 

On  the  4th  of  Februaiy,  both  parties  progressing  favorably,  Mr.  Menocal  and  myself  went  to 
Panama  to  make  such  examination  as  was  necessary  to  determine  at  what  point  the  line  could 
advantageously  debouch  into  the  Bay  of  Panama.  There  is  U  good  chart  of  the  bay  upon  surveys 
made  by  English  officers,  and  with  that,  and  by  making  such  soundings  as  we  found  necessary,  we 
finally  concluded  that  the  most  suitable  point  for  debouchment  would  be  about  one-quarter  of  a 
mile  to  the  eastward  of  the  railroad  company’s  wharf,  a  mile  and  a  half  approximately  east  of  the 
city  of  Panama.  The  chief  advantages  of  this  point  are,  the  easy  approach  from  the  point  of 
crossing  the  divide;  the  proximity  of  deep  water  to  the  shore;  the  remoteness  of  any  river-mouth 
to  discharge  detritus,  and  thus  form  obstnictions ;  and  the  existence  of  a  straight  channel  out  to 
deep  water,  and  not  obstructed  by  reefs.  We  were  indebted  for  some  valuable  information  to  Capt. 
John  M.  Dow,  of  the  Pacific  Mail  Steamship  Company,  an  accomplished  navigator,  and  naturalist 
as  well,  and  who,  in  the  pursuit  of  both  these  callings  for  many  years  in  the  vicinity,  has  gained 
a  most  thorough  knowledge  of  the  hydrography  of  the  Bay  of  Panama. 

February  4,  Lieutenant  Leutz^’s  traverse  had  advanced  so  far  up  the  river  that  he  was  again 
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obligee!  to  move  camp  some  seven  miles.  Each  move  was  found  to  be  more  troublesome  than  the 
last,  the  current  of  the  stream  becoming  stronger  and  the  rapids  more  frequent. 

About  three  miles  above  the  site  of  the  first  camp  is  the  village  of  Cruces,  now  containing  some 
three  or  four  hundred  inhabitants.  It  is  very  old,  having  been  built  by  the  early  Spanish  occu¬ 
pants  of  the  land.  Notwithstanding  its  proximity  to  ]\Iatachin,  the  nearest  railroad  station,  it  has 
to  that  point  no  sign  of  a  road,  all  communication  being  by  water.  Above  Cruces,  at  least  as  far 
as  our  line  extended,  there  are  only  here  and  there  a  few  huts,  and  scarcely  a  vestige  of  cultivated 
ground.  Very  little  could  be  purchased  in  the  way  of  provisions,  except  milk,  eggs,  and  occasion 
ally  a  chicken,  and  these  not  always.  Nearly  everything  in  the  shape  of  supplies  had  to  be 
forwarded  from  Panama  or  Aspinwall. 

By  February  9,  Lieutenant  Leutz^’s  line  had  reached  a  point  on  the  river  which  he  regarded 
as  suitable  for  the  erection  of  a  dam ;  and  Lieutenant  Colby’s  party  was  in  clovse  proximity  to 
the  divide.  Mr.  Menocal  proceeded  to  join  ]Mr.  Leutze,  to  aid  in  the  selection  of  the  exact  location 
of  the  dam  and  to  procure  such  local  information  as  was  needed.  On  the  same  day.  Lieutenant 
Very,  in  attempting  to  pass  one  of  the  rapids,  was  swept  away  by  the  powerful  current,  losing  his 
tmnsit-book,  which  involved  the  necessity  of  going  back  and  retaking  the  lost  angles.  Fortunately, 
all  the  station-marks  had  been  preserved. 

Thorough  local  reconnaissances  weie  made  during  the  next  two  or  three  days  by  Messrs. 
Leutz^  and  Menocal,  Cross-sections  of  the  river  and  its  immediate  valley,  and  gauges  of  the 
stream,  were  taken.  A  capital  site  was  chosen  for  the  dam,  a  solid  rock  foundation  and  precipi¬ 
tous  rocky  banks  for  abutments  on  either  side  [see  plan,  Plate  HI].  The  next  object  to  be  sought 
was  a  good  staiting-point  for  the  feeder,  which  the  immediate  vicinity  of  the  dam  did  not  offer. 
The  general  character  of  the  valley  showed  that  the  best  location  could  be  obtained  on  the  left, 
u  e.,  the  southern  bank.  Nearly  the  whole  of  the  11th  was  spent  in  seeking  a  break  in  the  wall  of 
the  rock  forming  the  bank,  but  without  success.  On  the  12th,  at  a  distance  of  4,800  feet  above  the 
site  of  the  dam,  an  eligible  spot  was  found.  The  traverse  in  ascending  had  taken  so  shaqi  a  curve 
around  to  the  southward  and  westward  (Lieutenant  Very  having  extended  the  survey  up  to  that 
point),  that  the  initial  point  of  the  feeder  was  really  nearer  to  the  main  line  of  the  canal  than  the 
site  of  the  dam. 

Lieutenant  Leutz4  and  party  now  began  their  return  on  the  grade-line.  So  devious  were  the 
contoui‘8  of  the  surface,  that  a  great  deal  of  care  and  good  judgment  had  to  be  exercised,  recon- 
noiteriug  constantly  ahead,  the  problem  made  much  the  more  troublesome,  as  has  been  explained, 
referring  to  Lieutenant  Colby’s  line,  from  the  fact  that  so  little  could  be  seen  at  a  time.  Generally 
at  the  end  of  each  day’s  w^ork  an  offset  was  cut  to  the  river-bank,  checking  the  work,  and  saving 
long  distances  in  returning  to  camp  and  in  gaining  the  line  the  following  morning.  It  was  a 
never-ending  source  of  astonishment  to  the  natives  that  the  officers  could  start  ftom  a  point  in  the 
dense  forest  and  lead  them  so  directly  to  the  river-bank,  and  even  directly  to  the  camps  when  the 
distiince  was  not  too  great. 

In  the  mean  time  Lieutenant  Colby  with  his  party,  accompanied  by  myself,  was  carrying  his 
iiie  across  the  divide.  The  railroad  in  passing  the  summit  makes  a  shaq)  curve  around  a  hill,  or 
between  two  hills,  by  which  location  a  comparatively  low  pass  was  obtained;  the  curve  was,  how¬ 
ever,  of  two  small  radius  for  a  ship-canal.  To  avoid  this,  our  line  was  carried  across  a  somewhat 
higher  ridge,  though  still  through  a  considerable  depression.  To  compensate  for  the  increased 
height  was  a  considerably  decreased  distance. 

On  the  evening  of  the  9th,  young  Mr.  Westerfield,  the  chainman,  was  taken  down  with  quite 
a  sharp  attack  of  fever,  having  overtasked  his  strength.  On  the  following  day  Dr.  Bransford 
joined  the  party,  having  left  Mr.  Leutz^’s  camp  the  day  before.  His  arrival  was  very  opportune, 
for  a  few  hours  afterward  an  old  negro  employed  as  cook  was  seized  with  a  congestive  chill,  of 
which  he  died  within  twenty-four  hours,  notwithstanding  the  utmost  exertion  on  the  part  of  the 
doctot.  The  poor  old  fellow,  who  had  been  upon  the  Isthmus  for  many  years,  and  had  by  his  man¬ 
ner  of  living  completely  exhausted  his  vital  forces,  did  not  rally  in  the  least  from  the  moment  he 
was  attacked ;  the  strongest  mustard-plasters  placed  on  his  wrists  and  kept  there  until  he  was 
dead  failed  to  produce  the  least  infiammation.  Dr.  Bransford  had  shown  himself,  during  the 
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Nicaragua  expedition,  to  be  a  ina^ster  in  the  management  of  malarious  attacks,  and  although  we  had 
two  or  tliree  quite  obstinate  cases  during  our  present  expe<iition,  this  was  the  only  one  which 
failed  to  yield  to  his  treatment.  Young  Westerfield  was  thoroughly  well  in  a  few  days. 

The  divide  was  actually  crossed  on  the  12th  and  the  descent  to  the  Pacific  begun.  A  new 
compass-course  was  taken  and  followed,  as  before,  as  nearly  as  the  conformation  would  admit  of  its 
being  done.  A  good  deal  of  trouble  was  Experienced,  in  both  parties,  with  the  natives  employed 
as  macheteros,  many  of  whom  proved  very  worthless,  feigning  sickness,  &c. ;  but  by  a  judicious 
sifting  process  each  party  soon  secured  a  good  set  of  men,  who  continued  to  serve  till  the  end  of 
the  survey. 

February  10,  Mr.  Menocal  came  to  Lieutenant  CoLl)y’s  part^^,  and  1  proceeded  to  that  of  Lieu¬ 
tenant  LeutzE,  in  order  that  each  might  see  the  important  portions  of  the  work  that  the  two  parties 
had  just  completed.  Lieutenant  LeutzE  having  made  some  little  progress,  on  his  return  had 
shifted  his  encampment  down  the  river  and  established  ‘‘  Camp  Sunnyside.” 

As  1  arrived  in  camp,  one  of  the  men,  in  attempting  to  open  a  box,  cut  his  arm  very  badly 
with  a  hatchet.  The  doctor  being  with  the  other  party  at  the  Empire  station,  Mr.  LeutzE  and  my¬ 
self  did  all  in  our  power  to  check  the  profuse  bleeding  of  the  wound;  but  finding  our  success  was 
only  temporary,  we  were  finally  obliged  to  put  the  man  into  a  canoe,  in  charge  of  Mr.  Greene,  who 
carried  him  down  the  ri\  er  to  Matachin,  and  thence  by  a  hand-car  to  Empire.  This  determined 
me  to  make  application  for  a  second  medical  officer,  in  order  that  one  might  be  present  with  eacli 
party,  which  I  did  by  the  next  mail.  The  department  sent  to  us  Dr.  Chiola,  who  arrived  by  return 
steamer. 

Both  parties  were  now  making  favorable  progress ;  Mr.  LeutzE  unfortunately  suffering  from 
occasional  attacks  of  fever,  but  refusing  to  give  himself  sufficient  rest  to  recover  from  it.  He  had 
contracted  the  fever  by  overwork  and  exposure  in  the  Nicaragua  expedition,  and  really  ought  not 
to  have  joined  a  new’  survey,  but  that  his  zeal  overmastered  his  prudence. 

On  the  17th,  Mr.  Colby  was  taken  down  with  the  fever,  having  also  considerably  overtasked 
his  strength;  the  labor  for  the  chiefs  of  the  parties  being  necessarily  very  severe,  and  neither 
sparing  himself  in  the  least.  A  couple  of  days  under  Dr.  Bransford^s  care  brought  Mr.  Colby 
around,  though  he  was  not  actually  fit  for  duty  for  several  days,  and  commenced  work  much  sooner 
than  he  ought,  but  fortunately  no  harm  resulted  from  it. 

On  the  18th  tiiE  doctor,  with  the  cooks,  shifted  camp  to  Bio  Grande  station,  eight  miles  from 
Empire,  where  another  of  the  track-master'S  cottages  was  put  at  the  disposal  of  the  party. 

Lieutenant  Taussig  continuing  the  survey  with  the  remainder  of  the  party,  no  time  was  lost  in 
the  operation  of  moving.  This  party  was  operating  in  the  valley  of  the  Kio  Grande,  a  dirty  stream 
emptying  into  the  Bay  of  Panama  some  two  miles  west  of  the  city,  and  was  making  excellent 
progress  toward  the  debouchment,  the  line  crossing  the  stream  frequently  and  running  through 
swampy  ground. 

February  19,  Lieutenant  Taussig  was  taken  wdth  the  fever,  suffering  one  of  the  severest  and 
most  obstinate  attacks  that  w  as  experienced  by  any  of  the  party.  Mr.  Menocal,  being  present,  took 
charge  of  the  transit  and  Lieutenant  Moser  of  the  line,  so  that  the  w’ork  was  kept  going. 

February  24,  the  line  was  extended  to  the  beach,  at  the  point  already  chosen  for  the  entrance 
into  Panama  Bay. 

On  the  following  day  the  camp  was  shifted  to  Obispo  station,  near  Matachin,  preparatory  to 
making  the  detailed  lo(5al  examination  for  the  artificial  basin  already  spoken  of.  A  couple  of  days 
were  then  given  to  officers  and  men  for  a  much-needed  rest. 

On  consultation  with  Mr.  Menocal,  it  was  now  determined  to  reserve  for  Lieutenant  LeutzE’s 
I)arty  the  section  of  the  Atlantic  division  betw  een  the  viaduct  and  Barbacoas,  about  twenty-one 
miles  from  Aspinwall,  and  to  give  to  Mr.  Colby’s  party  from  Barbacoas  to  Aspinwall. 

By  March  1,  Mr.  Colby’s  party  had  completed  the  detailed  survey  of  the  site  of  the  basin,  and 
had  shifted  camp  to  Frijoles,  near  the  initial  point  of  their  new  line.  On  the  following  day  they 
established  bench  and  station  marks  and  began  their  new  line. 

In  Mr.  Leutze’s  party  the  work  of  locating  the  feeder  was  being  prosecuted  with  varying  suc¬ 
cess.  On  the  23d  of  February,  the  valley  of  the  Chilibri,  a  tributary  of  the  Chagres,  w  as  reacheil. 
Here  the  level  suddenly  dropped  to  22  feet  below  the  grade-line.  The  valley  was  found  to  be  some 
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3,000  feet  wide.  Two  or  three  days  were  spent  in  trying  to  find  a  point,  by  ascending  the  stream, 
where  the  valley  was  enough  narrower  to  compensate  for  the  increased  distance  in  reaching  the 
l)omt,  but  without  success.  Camp  was  shifted  on  the  24th  to  a  position  just  below  the  mouth  of 
the  Chilibri,  and  called  Camp  Hunter. 

In  making  the  reconnaissances  a  clearing  was  found  on  the  top  of  a  hiU  overlooking  the  valley 
for  miles  up.  Lieutenant  Very  climbed  to  the  roof  of  a  hut  in  the  center  of  the  clearing,  from 
which  he  was  able  to  get  an  excellent  idea  of  the  general  topography.  This  was  one  of  the  few 
spots  found  during  the  whole  survey  offering  any  such  advantage,  trial-lines  b6iug  as  a  general 
rule  our  only  guides  in  cases  of  doubt.  The  low  level  of  the  valley  was  a  serious  obstacle,  as  the 
water  would  have  to  be  carried  across  it  either  by  an  aqueduct  or  else  by  inverted  siphons.  It 
seeming  to  be  inevitable,  Mr.  Leutz6  had  no  alternative  but  to  cross  it  at  the  narrowest  place,  with¬ 
out  deflecting  his  line  in  any  great  degree,  and  to  continue. 

March  26,  Mr.  Coffin  was  sent  to  Mr.  Colby’s  party  for  treatment  for  an  abscess,  Mr.  Greene 
taking  charge  of  the  level. 

On  the  1st  of  March,  joining  Mr.  Leutz6  myself  (a  slight  touch  of  fever  having  prevented  my 
doing  so  before),  we  turned  back  to  the  Chilibri  again,  in  order  to  exhaust  the  subject  thoroughly 
before  giving  up  the  attempt  to  avoid  the  low  ground,  or  at  least  to  dimmish  the  length  of  the 
crossing.  Three  days  were  spent  in  the  effort,  which  was  finally  abandoned  as  impossible. 

Mr.  Leutzd  now  resumed  the  grade,  following  it  as  nearly  as  possible.  On  the  10th  he  shifted 
his  party  to  Camp  Ammen,  which  he  re-established.  On  the  11th,  Acting  Assistant  Surgeon  T. 
Chiola,  U.  S.  N.,  having  arrived  on  the  9th  and  reported  for  duty,  was  assigned  to  Mr.  Leutzd’s 
party.  Mr.  Leutz6,  being  sadly  in  need  of  medical  treatment,  went  the  same  day  to  Mr.  Colby’s 
camp  to  place  himself  in  Dr.  Bransford’s  hands,  remaining  for  two  or  three  days. 

March  15,  Mr.  Leutzd  brought  the  line  of  the  feeder  to  an  intersection  with  the  line  of  the 
canal,  debouching  into  the  proposed  artificial  basin.  Gauging  the  flow  of  the  Chagres,  he  found 
the  discharge  to  be  647  cubic  feet  per  second — a  considerable  diminution  since  January  23,  owing 
to  the  advance  of  the  dry  season. 

On  the  following  day  the  survey  of  the  main  line  from  the  viaduct  to  the  initial  point  of  Mr. 
Colby’s  line  was  begun.  The  distance  to  be  made  was,  in  a  straight  line,  but  about  eight  mile^ 
but  was  through  rough  and  broken  country,  requiring  exceedingly  careful  examination. 

Lieutenant  Colby’s  party  were  in  the  mean  time  making  very  good  progress  seeking  the  shortest 
distance  consistent  with  a  good  profile;  the  usual  number  of  reconnaissances,  oft'sets,  trial-lines,  &c., 
being  made  to  secure  that  end.  On  the  10th  of  March  camp  was  shifted  to  the  residence  at  Bohio 
station,  which,  except  for  the  lack  of  good  water,  was  one  of  the  most  comfortable  locations  thus 
far  occupied. 

RECONNAISSANCE  OF  THE  BAYANO  BIVEB. 

Mr.  Menocal  and  myself,  with  Dr.  Bransford  and  Paymaster  Clark,  now  prepared  to  make  the 
reconnaissance  of  the  Bayano  or  Chepo  River,  required  by  your  instructions.  For  this  purpose, 
through  the  assistance  of  Mr.  Theodore  J.  DeSabla,  a  merchant  of  Panama,  and  formerly  United 
States  \ice-consul  for  that  port,  a  small  schooner  was  procured,  the  only  means  of  transportation 
available.  The  schooner  was  the  property  of  Dr.  Kratochvil,  a  gentleman  who  had  spent  a  fortune 
some  years  before  in  the  establishment  of  a  sugar-estate  about  twenty  miles  up  the  Bayano,  and 
which,  owing  to  the  lack  of  laborers,  he  had  been  obliged  to  stop  operating.  His  little  vessel  was 
now  runidng  between  his  place  and  Panama  with  dye  and  furniture  woods,  and  also  with  wood  for 
fuel. 

Embarking  the  evening  of  tlve  15th  of  March,  we  reached  the  mouth  of  the  Bayano  on  the 
following  morning.  Getting  into  an  anchorage  just  at  the  last  of  the  flood,  we  were  obliged  to 
come  to  and  wait  for  the  next  flood  before  proceeding  up  the  river.  We  took  occasion  to  make 
such  soundings  as  we  needed  inside  the  bar.  There  is  a  village  of  some  twenty  cane  huts  at  the 
mouth  of  the  river,  called  Boca  del  Bayano.  At  the  turn  of  the  tide  we  got  under  way  and  pro¬ 
ceeded  up  the  river  some  six  miles,  sounding  as  we  went.  We  then  dropped  anchor  till  daylight ; 
got  under  way  again  and  carried  our  soundings  ten  miles  farther  up,  when  the  tide  again  turned 
ebb,  and  the  schooner  was  obliged  to  come  to.  We  now  took  a  wretched  little  canoe,  and  in  her 
continued  on  three  miles  farther,  to  the  estate  of  Dr.  Kratochvil. 

S.  Ex.  75 - 3 
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We  were  very  hospitably  received  by  the  doctor,  who  gave  iis  pleasant  quarters  and  regaled 
us  with  all  that  his  place  afforded — abundance  of  fruit  and  vegetables,  and,  what  was  quite  a  new 
experience  for  each  of  us,  with  the  flesh  of  the  tapir,  which  we  found  very  delicate  and  palatable. 

It  was  a  sad  sight  to  see  so  magnificent  a  place,  with  fine  buildings,  abundant  machinery,  and 
other  facilities,  lying  idle  and  going  to  ruin  for  want  of  hands  to  work  it.  Notwithstanding  the 
lack  of  laborers  for  the  cane-tield,  there  were  quite  a  large  number  of  retainers  about  the  place, 
wood  cutters,  gardeners,  India-rubber  hunters,  &c.,  all  more  or  less  dependent  upon  the  doctor, 
and,  surrounded  by  them  and  their  families  and  his  own  children,  with  a  large  librar}^,  and  enough 
to  live  comfortably  ui)on,  he  seemed  to  be  very  well  contented  with  his  lot,  and  although  regretting 
file  failure  of  his  great  enterprise,  did  not  let  it  make  him  unhappy. 

We  passed  the  remainder  of  the  day  of  our  arrival  and  all  the  following  in  collecting  such 
further  information  as  was  required.  Mr.  IMenocal  and  myself  w  ent  in  a  canoe  some  miles  farther 
up  the  river.  Thus  far  we  found  no  point  where  a  dam  could  be  built,  the  banks  being  low  and 
sw  ampy.  (Occasionally  high  ground  approached  one  bank  or  the  other,  but  never  on  both  sides  at 
onc(*.  The  banks  were  alluvial,  except  in  the  few  cases  already  mentioned,  and  these  were  not  met 
witliin  fifteen  miles  of  the  mouth.  Our  soundings  had  shown  from  25  to  30  feet  of  water  in  the 
chaniu‘1  for  the  first  three  miles  from  the  mouth,  then  frequent  bars  with  10  feet,  8  feet,  and  finally 
not  more  than  4  feet,  these  growing  more  and  more  fre^juent  and  longer  as  we  ascended  the  river. 
Just  aliove  Dr.  KiatochviVs  place  we  found  a  solid  gravel  bar  some  three-quarters  of  a  mile  in 
length,  with  scarcely  water  enough  to  float  a  canoe.  Most  of  the  others  were  com^msed  mainly  of 
mud,  w  hich  is  also  deposited  in  large  outlying  flats  oft'  the  mouth  of  the  river.  A  strong  tidal 
current  at  all  times  and  overwhelming  floods  during  the  rainy  season  would  render  abortive  any 
attempt  to  dredge  a  channel  in  this  stream,  while  up  to  the  highest  point  visited  by  us,  as  said 
abo\  e,  no  location  existed  for  a  dam  by  which  to  produce  slack- water  navigation.  We  concluded 
that  further  examination,  except  at  the  river-mouth,  was  unnecessary. 

Desiring  to  know"  a  little  more  of  the  harbor-bar,  Mr.  Menocal,  Dr.  Bransford,  and  myself, 
bidding  good-bye  to  our  hospitable  host.  Dr.  Ki'atochvil,  started  in  a  canoe,  at  3.30  on  the  morning 
of  the  19th,  for  Boca  del  Bayano,  which  we  w"anted  to  reach  by  8  o’clock  (whqn  the  tide  would  be  at 
the  low  est,  and  also  to  take  advantage  of  the  usual  morning  calm).  This,  by  the  help  of  the  ebb 
and  by  vigorous  paddling,  we  accomplished.  A  very  disagreeable  trip  it  was,  too,  in  the  chill 
night-air.  The  banks  of  the  river,  left  dripping* and  slimy  by  the  falling  tide,  ad.ded  to  the  un¬ 
pleasant  ett’ect.  The  doctor  administered  to  each  of  us  and  took  himself  a  five-grain  dose  of  quinine 
to  w  ard  off*  fever,  w  hich  he  thought  we  stood  a  good  chance  of  contracting. 

Airived  at  the  village  of  Boca  del  Bayano  we  set  up  a  tide-gauge,  which  the  doctor  took  charge 
of.  Mr.  Menocal  and  myself  procured  some  fresh  hands  for  our  canoe  and  w"ent  out  to  the  bar  to 
sound.  A  pull  of  two  hours  agaiust  the  incoming  tide  brought  us  to  the  bar,  upon  which  we  found 
a  depth  of  but  12  feet  (reducing  to  low  water).  The  mud-flats,  already  spoken  of,  extended  for  sev¬ 
eral  miles  in  each  direction.  The  bar,  which  is  said  to  be  a  shifting  one  (as  is  altogether  probable 
li’om  its  character),  lay  at  the  time  of  our  visit  near  the  island  of  Chepillo,  and  about  two  miles  from 
the  mouth  proi>er  of  the  river. 

Turning  btick,  we  encountered  the  land-breeze,  now  quite  brisk,  and  a  little  toppling  sea  made 
by  its  ojiposition  to  the  incoming  tide.  Our  pull  back  to  the  beach  consumed  another  two  hours. 
We  w  ere  drenched  to  the  skin  before  we  landed,  and  hungiy  enough  not  to  criticise  the  breakfast 
prepared  for  us  by  the  wife  of  the  alcalde.  We  had  not  had  time  to  breakfast  before  starting  for 
the  bar. 

Toward  evening  Paymaster  Clark  joined  us  with  the  schooner,  and  we  embarked  for  Panama, 
where  we  arrived  at  midnight  on  the  20th. 

Regarding  the  route  from  the  mouth  of  the  Bayano  to  the  Gulf  of  San  Bias,  two  careful  sur¬ 
veys,  one  under  the  auspices  of  Mr.  Frederick  W.  Kelley  and  others,  of  New  York,  in  18G4,  and  one 
by  the  expedition  under  Commander  T.  O.  Selfridge,  U.  S.  N.,  in  1870-’71,  have  shown  that  between 
the  Gulf  of  San  Bias  and  the  Pacific  slope  of  the  Cordillera  a  tunnel  will  be  required  of  not  less 
than  seven  miles  in  extent  for  a  thorough  cut.  By  using  a  higher  summit-level,  i.  e.,  resorting  to 
locks,  the  length  of  the  tunnel  might  be  somewhat  reduced,  possibly  to  six  miles,  and  still  have 
feed-water,  though  this  is  by  no  means  certain.  The  cost  of  a  tunnel  of  suitable  cross-sections,  with 
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masourj -arch,  and  of  one  mile  in  length,  Mr.  Menocal  computes  to  be  not  less  than  $15,000,000, 
while  for  greater  lengths  the  cost  would  be  increased  in  a  very"  rapid  ratio,  owing  to  the  distance  it 
would  be  necessary  to  transport  material  excavated  and  that  used  in  construction.  It  is  not,  in  my 
opinion,  safe  to  estimate  for  self-sustaining  rock  in  a  projected  tunnel  of  so  large  dimensions,  for, 
althougk  it  might  prove  to  be  so,  there  is  no  means  of  ascertaining  the  fact  beforehand,  and  the 
chances  are,  to  say  the  least,  as  much  against  as  for  it.  A  tunnel  of  even  five  miles  in  length  would 
Ihus  cost  between  $80,000,000  and  $100,000,000.  The  Bayano  River  cannot  be  utilized,  and  an  inde- 
l>endent  canal  would  have  to  be  built  from  the  end  of  the  tunnel  to  the  sea.  TheJine  possesses  but 
two  gooil  features,  one  the  magniftcent  harbor  afforded  by  the  Gulf  of  San  Bias,  the  other  the  short 
distance  from  sea  to  sea,  in  a  direct  line  but  thirty  miles.  These,  however,  compensate  but  slightly 
for  the  enormous  disadvantages.  The  line  bears  no  comparison  with  either  the  Nicaragua  route 
or  that  of  Panama  as  developed. 

Oil  our  return  I  found  a  letter  awaiting  me  from  the  department,  forwarding  a  copy  (ap])ended 
and  marked  A)  of  a  communication  from  a  Mr.  Julian  Sucre,  of  Aspinwall,  referring  to  a  plan  for  a 
passage  across  the  Isthmus.  I  called  upon  ^Ir.  Sucre,  and  found  his  plan,  as  I  hatl  supposed,  one 
which  had  been  offered  some  years  since  by  a  Captain  Hugg,  a  master  of  a  coaster,  to  Commander 
Selfridge.  Commander  Selfridge  was  satisfied  at  the  time  that  Captain  Hugg  had  no  information 
which  he  could  not  procure  in  better  shai)e  by  actual  survey.  Mr.  Sucre,  who  i)rove<l  to  be  the 
husband  of  Captain  Hugg’s  daughter,  showed  great  reluctance  in  giving  me  information  in  regard 
to  the  line,  notwithstanding  he  so  freely  ottered  it  in  his  written  communication,  evidently  desiring 
first  to  make  some  definite  arrangement  as  to  compensation.  He,  however,  admitted  that  the  route 
began  in  the  Gulf  of  San  Bias,  admitted  that  he  had  never  seen  it,  and  that  he  hml  no  information 
in  regard  to  it  beyond  a  traverse,  i.  <?.,  a  line  of  compass-courses  and  the  corresponding  distiincos, 
the  following  of  which  from  the  starting-point,  which  he  thought  he  should  be  able  to  recognize, 
would  give  the  location  of  the  line.  He  also  stated  that  the  line,  though  but  eighteen  miles  long, 
was  fix)m  sea  to  sea. 

He  also  acknowledged  that  Captain  Hugg  had  no  instruments,  beyond  those  used  in  navigat¬ 
ing  his  vessel,  for  making  the  survey.  He  expressly  declared  that  the  river  Bayano  did  not  form 
part  of  the  scheme.  This  was  the  amount  of  the  information  I  was  able  to  extract  from  the  gentle¬ 
man,  and  it  was  quite  sufficient.  To  begin  with,  the  distance  from  sea  to  .sea  in  a  direct  hue  is 
thirty  miles,  approximately,  at  the  narrowest  part  of  the  Isthmus.  This  we  have  from  the  marine 
chaits,  w’hich  are  fairly  accurate.  Information  obtained  in  the  manner  that  Captain  Hugg  pro- 
fe.ssed  to  have  obtained  his,  i,  e.,  by  merely  walking  over  it,  has  been  proved  repeatedly  to  be  abso¬ 
lutely  w^orthless.  A  man  who  walks  over  a  trail  for  fifteen  or  twent>^  miles  has  very  little  ideii  of 
what  heights  he  has  passed  over ;  if  his  path  carries  him  over  a  steep-sided  hill  he  is  a])t  to  exag¬ 
gerate  the  height  of  it,  but  if  the  ascents  and  descents  are  very  gradual,  he  will  often  believe  that 
he  has  been  upon  an  almost  dead  level.  Even  very  intelligent  persons  will  be  deceived  in  such 
cases.  Dr.  Cullen,  whose  name  was  for  years  so  prominently  connected  with  the  Darien  route, 
asserted,  and  probably  believed,  that  he  had  crossed  the  Isthmus  from  E.scoses  Harbor  without 
finding  an  elevation  of  over  150  feet.  An  instrumental  examination  by  a  party  under  his  own  guid¬ 
ance  found  over  1,000  feet  of  elevation. 

Captain  Hugg^s  route  was  clearly  no  other  than  the  San  Bias  line,  the  impracticability  of  which, 
to  my  mind,  had  been  thoroughly  demonstrated. 

PROGRESS  OF  THE  PANAMA  SURVEY. 

On  communicating  with  our  parties  in  the  field,  we  found  that  during  our  absence  they  had 
been  making  good  progress  in  their  work. 

Lieutenant  Colby  had  shifted  his  camp  on  March  16  to  Lion  Hill,  and  again  on  the  20th  to 
Gatun,  occupying  at  each  place,  by  consent  of  Superintendent  White,  the  station  residence. 

Lieutenant  Leutz4  had  shifted  to  a  place  near  Gorgona  on  the  19th,  calling  his  encampment 
''Camp  Colby.’’ 

On  the  day  following  our  return  I  was  seized  with  an  attack  of  fever,  which  confined  me  to  my 
quarters  for  nearly  a  week.  Mr.  Menocal,  however,  nothing  worse  for  his  trip,  went  into  the  field 
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again  at  once.  Lieutenant  Leutz^  was  suffering  from  frequent  attacks  of  the  fever,  but,  refusing  to 
spare  himself,  continued  his  work  to  the  end,  and  has  suffered  for  it  ever  since. 

The  ofticers  were  now  making  great  efforts  to  complete  their  lines  in  time  to  sail  for  home  in 
the  steamer  of  the  4th  of  April,  and  for  this  purpose  were  performing  an  amount  of  w^ork  which 
would  have  brokeu  down  the  strongest,  had  it  continued.  Mr.  Colby,  wishing  to  communicate  ^ith 
myself  concerning  his  line,  and  finding  that  I  was  unable  to  visit  him,  walked  into  Aspiuwall,  a 
distance  of  seven  miles,  one  evening  after  having  worked  from  early  daylight  until  4  o’clock  in  the 
afternoon  in  a  heavy  swamp.  He  then  started  back,  and  walked  nearly  to  his  camp  before  procur¬ 
ing  a  horse  upon  which  to  ride  the  remainder  of  the  distance. 

March  24,  Mr.  Leutz6  again  struck  his  tents  and  shifted  to  a  point  near  Mamei,  calling  his 
encampment  ‘‘  Camp  Jeffers,”  for  the  Chief  of  the  Bureau  of  Ordnance  of  the  Navy. 

On  the  2Gth  Mr.  Colby  shifted  to  Empire  station,  to  make  some  further  examination  neiir  that 
point,  where,  after  plotting,  it  had  been  shown  that  the  line  could  probably  be  improved.  On  the 
31st,  ha^dng  completed  this  work,  he  returned  with  his  party  to  Gatun. 

On  the  i^Oth,  Mr.  Leutz6  again  shifted  camp  to  San  Pablo  station,  occupying,  for  the  first  time, 
one  of  the  station  residences,  instead  of  his  tents. 

On  the  1st  of  April,  Mr.  Leutz^’s  line  intersected  that  of  Mr.  Colby  near  the  initial  point  of  the 
latter,  and  Lieutenant  Very  connected  his  traverse  with  Lieutenant  Taussig’s  original  station-mark. 
On  the  following  day,  Messrs.  Coffin  and  Green  brought  up  the  levels  and  connected  with  Mr. 
Moser’s  bench. 

April  2,  Mr.  Colby’s  line  reached  the  beach  at  Aspinwall,  he  having  been  delayed  one  day  in 
trying  to  improve  on  a  portion  of  the  bne  near  Lion  Hill,  where,  after  plotting,  it  had  been  found 
necessary  to  have  a  little  further  information. 

The  natives  were  now  discharged,  and  the  officers  and  their  assistants,  with  their  camp  equipage, 
proceeded  to  Aspinwall.  Here  what  remained  of  the  provisions  brought  from  the  United  States 
and  such  articles  of  outfit  as  were  not  thought  worth  transporting  back  to  New  York  were  sold  at 
auction. 

The  expedition  was  then  embarked  on  board  the  Pacific  Mail  steamship  Acapulco,  and  sailed 
for  home  on  the  4th  of  April,  arriving  in  New  York  on  the  12th  of  the  same  month. 

It  is  impossible,  in  a  brief  account  like  the  foregoing,  to  give  any  adequate  idea  of  the  amount 
of  labor  i)eiTormed  by  the  officers  and  men  upon  a  survey  of  this  character,  and  only  those  who 
have  had  experience  in  tropical  forests,  with  their  dense  vegetable  growth,  the  jungle  of  vines, 
undergrowth,  briars,  canes,  grasses,  the  ntimerous  varieties  of  plants  bearing  thorns,  &c.,  and  who* 
have  experienced  the  annoyance  of  the  myriads  of  insects,  particularly  the  garapata^  or  wood-tick, 
which  infests  seemingly  almost  every  leaf  that  one  brushes  against,  can  fully  appreciate  the 
character  of  the  undertaking.  And  too  much  cannot  be  said  in  commendation  of  the  officers  for 
their  untiring  zeal  and  energy,  and  for  the  cheerfulness  with  which  they  encountered  discomforts 
and  difficulties.  The  severest  labor,  as  well  as  the  chief  responsibility,  in  the  parties  rested  upon 
the  commanding  officers.  Lieutenants  Leutz6  and  Colby.  Upon  them  devolved  the  immediate  con¬ 
duct  of  the  survey,  the  control  of  the  men,  and  the  general  comfort  of  the  parties  ;  and  each  showed 
himseif  to  be  entirely  equal  to  the  requirements  of  his  position.  Lieutenants  Very  and  Taussig, 
in  addition  to  running  the  transit  instruments,  were  required,  as  is  usual,  to  sketch  in  the  topography. 
Lieutenant  Moser,  Messrs.  Coffin  and  Green,  ran  the  levels,  and  on  connecting  their  several  sec¬ 
tions  and  referring  their  results  to  the  plane  of  mean  tide,  found  their  accumulated  error  to  be  less 
than  one-half  foot.  Dr.  Bransford,  in  addition  to  taking  care  of  the  sick,  made  some  very  valuable 
collections  in  natural  history.  He  also  made  a  collection  of  geological  specimens,  which  will  pretty 
completely  exhibit  the  character  of  excavations  and  of  available  materials  for  construction.  The 
services  of  Mr.  Menocal,  the  chief  engineer,  were  simply  invaluable.  With  a  thorough  knowledge 
of  his  profession,  full  of  resources  in  overcoming  impediments,  untiring  in  field-work,  he  moved 
from  party  to  party  as  his  assistance  was  needed;  made  constant  reconnaissances  ahead  of  the 
line,  and  thus  saved  the  parties  a  great  deal  of  useless  work,  and  thereby  hastened  the  comi)letion 
of  the  sur\"ey.  Messrs.  Buck,  Westerfield,  Burnett,  Fleming,  and  Philp  were  faithful  and  intelligent 
in  the  performance  of  their  several  duties. 
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WATER-SUPPLY. 

By  the  plan  which  we  propose  for  the  construction  of  a  canal  (see  map,  Plate  I),  the  water- 
supply  will  be  drawn  entirely  from  the  river  Chagres,  not  counting  for  the  present  the  influx  from 
springs  or  that  which  will  be  received  from  two  small  rivulets  received  into  the  canal  by  cess  pools. 
It  will  be  carried  to  the  receiving-basin  of  the  canal  by  means  of  a  feeder,  to  be  described  further  on. 

Gauges  of  the  ChagTes,  taken  with  great  care,  showed  that  the  amount  of  flow  at  the  point 
where  the  proposed  feeder  leaves  the  river  is  about  the  same  as  that  at  the  site  of  the  viaduct. 

On  the  15th  of  March,  the  Chagres  being  at  the  time  at  an  unusually  low'  stage  even  for  that 
season  of  the  year,  there  was  found  a  discharge  of  55,900,800  cubic  feet  per  day.  Allowing  eighty 
lockages  a  day — i.  e.,  forty  ascending  and  forty  descending — ^there  would  be  requiied,  without 
allowring  for  the  displacement  of  the  vessel  in  descending,  which  we  have  the  right  to  do,  making 
the  loss  just  so  much  less,  34,400,000  cubic  feet  per  day;  adding  100  per  cent,  for  waste,  leakage, 
evaporation,  and  filtration — a  very  large  allowance — we  should  still  have  an  excess  above  the 
highest  possible  demand  of  about  9,000,000  cubic  feet  per  day,  supposing  the  supply  to  come  from 
the  feeder  alone;  a  large  percentage  of  the  water  needed  would  doubtless  be  supplied  by  springs. 
A  w'ell  standing  at  the  summit  of  the  railroad,  142  feet  above  the  proposed  level  of  the  canal,  was 
fuU  up  to  the  surface  during  the  di’iest  period  of  our  stay  upon  the  Isthmus.  While,  therefore,  I 
believe  that  all  loss  of  water  will  be  more  than  supplied  from  sources  other  than  the  river,  the 
quantity  from  the  latter  source,  as  showm  above,  would  be  ample  if  such  were  not  the  case.  It  will 
be  shown  in  the  description  of  the  feeder  in  what  manner  it  is  proposed  to  get  rid  of  the  super¬ 
abundant  waters  at  high  stages  of  the  river. 

LOCATION  OF  THE  CANAL. 

For  reasons  already  given,  it  had  been  determined  to  cross  the  river  Chagres  near  the  great 
bend  at  Matachin,  and  a  short  distance  above  the  confluence  of  the  Rio  Obispo.  (See  map,  Plate  I.) 
The  reasons  for  selecting  this  point  may  be  briefly  summarized  as  follows: 

1st.  The  near  approach  of  the  two  ranges  of  hills  inclosing  the  valley  of  the  river  gave  good 
abutments  for  the  viaduct,  at  the  same  time  giving  ample  room  for  a  suflicient  number  of  culverts 
to  discharge  the  waters  of  the  river  in  times  of  freshets. 

2d.  The  valley  of  the  Obispo  gave  a  direct  and  favorable  approach  to  a  depression  in  the 
divide,  passing  which  the  valley  of  the  Rio  Grande  carried  the  line  by  the  shortest  distance  to  the 
Bay  of  Panama. 

3d.  The  level  of  the  highest  water-marks  at  this  point  were  found  to  be  78  feet  above  mean 
tide  of  either  sea.  Adding  to  this  the  necessary  rise  of  arch  of  the  culverts,  the  thickness  of 
wall  in  the  viaduct  over  the  crowns  of  the  arches,  and  the  proposed  depth  of  water  in  the  canal  of 
26  feet,  would  give  a  total  of  123.75  feet  as  the  height  of  the  water-surface  in  the  viaduct  above 
that  of  mean  tide.  To  descend  from  this  height  to  the  level  of  the  sea  would  require  twelve  locks 
of  a  side,  or  twenty -four  in  all — the  greatest  number  thought’  admissible,  the  number  required  in 
the  Nicaragua  line  being  but  ten  of  a  side.  To  go  higher  up  the  river  would  not  only  involve  a 
greater  number  of  locks,  but  would  also  involve  going  a  greater  distance  for  the  initial  point  of  the 
feeder,  or  else  a  higher  dam.  To  go  lower  down  the  river,  and  consequently  diminish  the  summit- 
level,  would  of  course  increase  the  length  of  the  deep  cut  through  the  dividing  ridge  between  the 
Atlantic  and  Pacific  slopes. 

THE  VIADUCT. 

The  proposed  viaduct  will  be  1,900  feet  in  extreme  length ;  the  water-way  will  be  05  feet  wide 
and  26  feet  deep;  the  side  walls  23.25  feet  thick  at  the  bottom  and  6  feet  thick  at  the  top;  the 
thickness  of  the  bottom  wall  over  the  crowns  of  the  arches  will  be  6  feet.  Twelve  culverts  are 
provided  for,  with  90  feet  span  each,  and  varying  in  height  from  the  foundations  of  their  respective 
piers  from  40  feet  to  12  feet,  according  to  location. 

The  spring  of  the  arch  in  each  culvert  begins  at  the  highest  water-mark.  The  rise  of  arch  is 
12.857  feet;  the  jadius  of  the  arch,  85  feet;  the  width  of  the  piers  at  their  heads  is  111.5  feet;  their 
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thickness,  25  feet;  the  area  of  each  pier-head  is  consequently  111.5x25  =  2,787.5  square  feet. 
Allowing  40  tons  to  the  square  foot,  these  will  each  sustain  249,760,000  pounds  weight. 

Mr.  Menocal  computes  the  actual  weight  to  be  borne  as  follow  s : 

.  Ponnds. 

Concrete :  254,300  cubic  feet,  at  150  pounds  per  cubic  foot .  118, 145, 000 

JVater :  (65  feet  width  of  water-way ;  115  feet  spread  from  center  to  center  of  arches;  26  feet  depth;  at  62.5 

pounds  per  cubic  foot)  65  X  26  X  115  X  62.5  equals .  12, 146, 875 

Total .  50,291,875 

or  about  one  fifth  the  sustaining  power  of  the  pier. 

THE  CANAL. 


It  is  proposed  to  make  the  surface-level  of  the  water  in  the  viatluct  the  summit-level  of  the 
canal. 


PACIFIC  DIVISION. 


From  the  end  of  the  viailuct  the  proposed  line  leading  to  the  Pacific  extends  in  a  general 
direction  of  south  37^0  east  through  the  range  of  hills  inclosing  the  valley  of  the  Chagres,  passing 
which  it  enters  the  reeqiving-basin,  of  which  a  description  will  be  given  when  treating  of  the 
feeder. 

Leaving  the  basin,  the  same  course  is  continued  for  a  distance  from  the  initial  point  of  1,323 
feet;  thence  the  general  course  is  south  32^  east  foe  a  distance  of  27,239  feet,  which  brings  the  line 
to  the  summit-curve;  thence  south  50o  east  39,565  feet;  and  finally  on  a  geneiul  course  of  south 
800  east  11,376  feet,  which  brings  it  to  the  beach,  about  one-quarter  of  a  mile  to  the  eastw^ard  of  the 
Panama  Eailroad  Company’s  wharf  at  Panama.  The  total  length  of  the  Pacific  division  is  79,509 
feet,  or  15.8  statute  miles.  These  various  sections  are  made  up  of  straight  reaches  and  of  curves 
(see  table,  page  — ),  w^hich  are  arcs  of  circles;  the  general  course  given  in  each  case  being  the 
bearing  of  one  end  of  the  section  from  the  other. 

The  line  is  laid  down  to  foUow  as  nearly  as  possible  the  best,  i.  6.,  the  lowest  profile ;  it  occupies 
the  valley  of  the  Kio  Obispo  until  the  foot  of  the  dividing  range  of  hills  is  reached ;  crosses  the 
divide  through  a  depression  somewhat  to  the  eastward  of  the  point  where  the  railroad  crosses; 
tlience  descends  into  the  valley  of  the  Eio  Grande  to  the  end  of  section  3,  as  above  given,  where  it 
curves  to  the  left  and  again  to  the  right,  finally  reaching  the  point  of  debouchment.  The  straight 
reaches  and  the  curves  are  numbered  consecutively  from  the  Pacific  to  the  Atlantic.  A  table  (No. 
1)  is  herewith  appended  giving  the  lengths  of  the  straights  and  curves  (the  length  of  the  arc  in  feet 
in  the  latter  case),  the  radii  of  the  curves,  the  number  of  degrees  of  arc,  the  total  distance  from 
the  Pacific  terminus,  and  the  middle  ordinate  for  400  feet  in  each  curve.  Practically,  this  last  gives 
the  distance  of  the  middle  of  the  keel  of  a  ship  400  feet  in  length  from  the  axis  of  the  canal,  when 
her  bow  and  stern  are  exactly  in  the  axis,  in  one  of  these  curves. 

Two  small  tributaries  of  the  riwer  Obispo  are  passed  under  the  proposed  canal  by  means  of 
culverts,  their  beds  being  sufficiently  low  to  admit  of  it. 

One  very  small  rivulet  is  received  into  the  canal  by  means  of  a  cess  pool.  Short  bends  in  the 
Obispo  are  occupied  by  the  line  of  the  canal  in  three  localities,  and  a  new  channel  in  each  case  is 
provided  for  the  stream. 

At  the  foot  of  the  divide,  the  Obispo  itself,  now  diminished  to  a  mere  thread,  is  also  received 
into  the  canal  by  means  of  a  cess  pool.  Descending  into  the  valley  of  the  Eio  Grande,  the  present 
channel  of  that  stream  is  crossed  in  several  places,  new  channels  being  provided  for  in  each  case. 

A  drain  is  located  leading  into  the  Bay  of  Panama  to  the  eastward  of  the  debouchment  of  the 
canal,  by  which  the  waters  of  all  the  small  streams  coming  now  into  the  Eio  Grande  from  the  east¬ 
ward  will  be  discharged,  while  those  coming  in  from  the  west  will  find  vent  through  the  present 
mouth  of  the  Eio  Grande. 

Tw  elve  descending  locks,  each  with  a  lift  of  10.3  feet,  and  one  tide-lock  with  a  lift  of  10  feet, 
will  be  required  in  this  division.  All  are  favorably  located.  Nos.  4  and  5,  Nos.  6,  7,  8,  and  9,  are 
in  flights,  and  No.  12  and  the  tide-lock  are  also  placed  together.  All  the  locks  in  this  section,  with 
the  exception  of  Nos.  10  and  11,  are  located  in  hills  to  secure  a  natural  rock  foundation.  Nos.  10 
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and  11  are  in  earth.  The  deepest  or  exact  summit  cut  iu  this  division  will  be  170  feet  above  the 
surface  of  the  water ;  this  is  for  a  distance  of  only  a  rod,  however,  the  profile  falling  rapidly  on 
either  side. 

The  total  length  of  the  summit-cut  is  4.81  miles,  and  the  average  depth  of  cutting  76  feet 
above  the  proposed  water-surface.  The  excavation  for  the  remainder  of  the  division  will  be  but 
little  more  than  the  prism  of  the  canal  itself. 


ATLANTIC  DIVISION. 


The  following  are  the  courses  and  distances  of  the  several  se(*tions  of  canal  from  the  viaduct 
to  the  Atlantic  terminus,  the  courses  in  each  case  being,  as  before,  the  general  direction,  while  the 
distance  is  the  actual  length  of  the  straights  and  curves,  viz : 


Feet. 

From  the  viaduct  north  west .  2, 415 

Thence  north  86°  west .  19, 639 

Thence  south  81<^  west .  8, 75t 

Thence  north  50^  west . . .  9, 471 

Thence  north  23^^  west . .  14, 870 

Thence  north  57 west .  .38, 680 

Thence  north  28^°  west .  18, 879 

Thence  north  17^^  west .  23, 843 


Total  length  of  Atlantic  division . 136,550 

or  25.9  statue  miles.  Total  distance  from  sea  to  sea,  41.7  miles. 

For  a  distance  ot  7.6  miles  from  the  viaduct  the  country  is  very  broken ;  several  hills  are 
passed ;  the  line,  however,  following  the  best  profile  attainable.  The  longest  cut  will  be  2,500  feet. 
The  intermediate  valleys  otter  ample  places  of  deposit  for  the  material  excavated ;  much  of  it, 
indeed,  being  required  for  embankments.  The  line  now  falls  into  the  valley  of  the  Chagres,  and  is 
located  in  low  and  occasionally  swampy  land  for  a  distance  of  3.7  miles.  Here  the  excavation  will 
be  less  than  the  prism  of  the  canal,  the  material  excavated  being  used  in  constructing  embank¬ 
ments.  Hilly  country  is  then  met  for  about  the  same  distance,  after  which  the  line  continues  in 
low,  swampy  ground  to  Aspinwall  Bay. 

Thirteen  culverts  are  provided  in  this  division ;  some  for  the  passage  under  the  canal  of  small 
streams,  others  to  give  vent  to  what  water  there  might  be  in  the  rainy  season  in  what  were  dry 
ravines  at  the  time  the  survey  was  in  progress.  Two  or  three  other  little  branches  are  turned  into 
side  drains.  Near  Gatun  the  line  occupies  the  present  bed  of  the  Chagres,  for  which  a  new  chan¬ 
nel  is  provided.  The  river  Gatun,  a  tributary  of  the  Chagres,  is  turned  into  the  Hindi,  and  the 
Hindi  into  the  Boca  Chica,  which  discharges  into  Aspinwall  Harbor  about  one  mile  outside  the 
proposed  debouchment  of  the  canal.  Twelve  locks  will  be  required,  each  with  a  lift  of  10.3  feet. 
These  are  all  located  in  hills.  Locks  Nos.  2,  3,  and  4,  Nos.  5,  6, 7,  and  Nos.  8  and  9,  are  in  flights,  re¬ 
spect  ively.  The  line  of  the  proposed  canal  is  at  no  point  more  than  a  mile  distant  from  the  track 
of  the  Panama  Railroad. 

The  prisms  of  the  canal  are  in  earth,  rock,  and  swamp,  as  follows,  the  depth  being  throughout 
26  feet,  viz : 


Width  at 
bottom. 

Width  at 
surface. 

Slope  of  bank. 

Feet. 

Feet. 

Earth . 

72 

150 

1  vortical  to  li  horiaontal. 

Rock . 

72 

126 

1  vertical  to  |  horizontal. 

Swamp . 

60 

164 

1  vertical  to  2  horizontal. 

These  prisms  are  thought  to  be  ample,  even  after  allowing  for  the  irregularities  of  excavation, 
for  all  purposes  of  navigation.  Ten  feet  above  the  water-surface  there  is  a  berm  on  either  side  of 
9  feet,  forming  a  roadway ;  the  same  slope  is  then  carried  to  the  surface.  In  swampy  land  the 
banks  are,  of  course,  formed  by  the  material  taken  out. 
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LOCKS. 

The  dimensions  proposed  for  the  locks  are:  total  length,  500  feet;  length  between  miter-sills, 
450  feet ;  width  of  chamber,  05  feet.  The  design  of  the  locks,  made  by  Mr.  Menocal,  has  been 
fiilly  described  in  the  report  upon  the  Kicaragua  survey.  They  are  fed  through  60^  side  pipes, 
communicating  with  the  lock-chambers  by  means  of  ports,  three  of  a  side,  one  at  the  head,  one  in 
the  middle,  and  one  at  the  foot  of  the  chamber.  It  is  proposed  to  use  hydraulic  concrete  as 
dimension -stones,  except  for  miter-sills,  for  which  dressed  stone  is  proposed  and  estimated  for. 

Nos.  10  and  11,  in  the  Pacific  division,  are  so  located  that  there  will  ^probably  be  no  rock 
foundation.  For  these  there  are  proposed  a  concrete  floor  of  6  feet  thickness ;  concrete  side  walls, 
with  a  thickness  at  the  base  of  30.95  feet,  the  inner  faces  to  have  an  outward  slope  of  J  foot  hori¬ 
zontal  to  1  foot  vertical ;  on  the  outside  the  side  walls  to  diminish  in  thickness  by  offsets  of  3.66 
feet  each,  four  in  number,  and  at  equal  distances  from  the  bottom,  the  walls  to  be  6  feet  thick  at 
the  coping. 

Nos.  4,  7,  8, 12,  and  the  tide-lock  in  the  Pacific  division,  and  Nos.  1, 2, 5,  6,  7,  and  8  in  the 
Atlantic,  are  believed  to  be  located  entirely  in  rock.  For  these  a  lining  of  concrete  is  estimated 
for,  the  floor  to  be  2  feet  in  thickness  and  the  side  walls  3  feet. 

The  other  locks  are  believed  to  be  partly  in  rock  and  partly  in  earth.  For  these  is  proposed  a 
floor  of  concrete  2  feet  thick  and  side  walls  3  feet  thick  at  the  top  of  the  rock,  and  increasing  thence 
to  the  bottom  of  the  chamber  in  the  ratio  of  J  foot  to  1  foot  of  descent.  Above  the  rock,  the  side 
walls  to  be  of  concrete,  and  in  dimensions  identical  with  the  corresjmnding  portions  of  those  in 
Nos.  11  or  12,  Pacific  slope,  already  described. 

The  turning-gates  proposed  are  of  the  same  character  as  those  used  in  the  United  States  naval 
dry-docks. 

DRAINAGE. 

One  of  the  most  vitally  important  questions  to  be  considered  in  discussing  the  subject  of  the 
construction  of  a  canal  across  the  American  Isthmus  is  that  of  drainage ;  and,  singularly  enough, 
among  European  writers  upon  the  subject  scarcely  any  attention  has  been  given  to  it.  Taking  the 
Suez  Canal  as  a  standard  for  comparison,  they  almost  without  exception  cling  to  the  idea  of  a 
canal  without  locks ;  in  other  words,  a  cut  down  to  the  level  of  the  sea.  Such  a  channel  would  be 
burdened  not  only  with  the  discharge  of  the  springs  developed  in  the  cut,  and  whose  number  and 
force  in  a  land  so  saturated  with  moisture  would  be  beyond  comparison  with  those  of  any  hitherto 
constructed  work,  but  must  also  become  the  ultimate  drain  of  the  surface  of  a  very  considerable 
portion  of  adjacent  territory.  It  would,  during  the  rainy  season,  if  not  indeed  at  all  times,  lye  a 
wild  torrent,  unfit  for  the  passage  of  ships,  and  must  speedily  become  filled  with  bars  and  other  ob¬ 
structions  from  the  detritus  furnished  by  its  own  current.  It  is  a  matter  for  congratulation,  there¬ 
fore,  and  not  for  regret,  that  in  all  localities  so  far  examined  the  profiles  are  su(*b  as  to  make  a 
canal  without  locks  practically  impossible.  In  this  line,  holding  these  facts  in  view,  the  proposed 
canal  has  been  so  laid  down  with  reference  to  the  actual  profile  (see  Plate  II),  that  in  all  sections 
of  the  work,  except  the  tide-water  reach  at  either  end,  natural  drainage  is  provided  into  the 
valleys  of  the  adjacent  streams  during  the  progress  of  construction,  and  subsequently  through 
the  canal  itself,  by  simply  cutting  off  the  feeder  and  opening  the  gates  below,  if  necessary,  to  empty 
the  canal  for  examination  or  repairs. 

Culverts  have  been  provided,  as  already  enumerated,  for  every  stream,  dry  water-course,  and 
ravine  whose  bed  was  sufficiently  low  to  pass  it  under  the  canal.  In  the  accompanying  Plate  n, 
each  culvert  is  shown  in  elevation. 

Side  drains,  also,  already  enumerated,  are  provided  for  those  streams  favorably  located  for 
that  purpose,  with  a  cross-section  proportionate  in  each  case  to  the  discharge  of  the  stream  or 
streams  which  they  are  intended  for. 

In  Table  No.  2,  hereunto  appended,  are  given  the  names,  if  any,  location,  number,  and  dimen¬ 
sion  of  spans,  and  the  length  of  canal  drained  by  each  culvert,  and  the  length  drained  by  the 
various  side  drains. 
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No.  1. — Table  of  straights  and  curves, 
PACIFIC  SIDE. 


From  viaduct  to  Panama. 


Straight 

Kudins. 

Angle. 

Length. 

Total  distance 
from  initial 
point. 

Middle  or¬ 
dinate  per 
400  feet 

1 

Feet 

o 

/ 

FmL 

2,490 

4, 546 

1, 815 
5,062 
14,320 
611 

7.  020 

Feet. 

Feet. 

2 

1 

6,000 

52 

5 

7,036 

8, 851 

13,  913 
28,233 
28,844 
35.  864 

4 

3 

2 

6,000 

68 

00 

4 

4 

3 

10,000 

3 

30 

2 

5 

4 

20,000 

13 

30 

4,538  • 
1,  240 

40, 402 
41,  642 
44,365 
49,  005 

1 

6 

5 

20,000 

7 

05 

2, 723 

4,  640 
1,030  i 
910  ! 

1 

7 

6 

5,000 

11 

50 

50,035 

50,945 

52,097 

4 

7 

6,000 

13 

12 

1, 152 

4 

8 

1,580 

53,677 

9 

8 

6,000 

16 

45 

1,462 

4,325 

1,134 

1, 610 

55,139 
59,  464 
60,598 
62,208 
64,491 
76, 861 
79,507 

4 

10 

9 

10,000 

6 

30 

2 

11 

10 

5,000 

26 

10 

2,283 

12,370 

2,646 

i  « 

li 

10,000 

13 

10 

1  ^ 

I'otal  distance  ftrom  viaduct  to  Panama,  15.06  miles. 


ATLANTIC  SLOE. 
FVom  viaduct  to  Aspinwall. 


Total  length  from  viaduct  to  Aspinwall,  26.86  miles. 

S.  Ex.  76 - 4 
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Table  No.  2. — Culverts,  side  drains,  ^c. 


No.  of  colverta. 

Name  of  river  or  ravine. 

Location. 

• 

s 

oe 

o 

Length  of  spans. 

Rise  of  arch. 

Height  of  pier. 

h 

Feet 

1 

C.  12,  center. .. 

3 

75 

13 

2100. 

2 

Ravine . 

S.  13,  com  .... 

1 

100 

16 

14\ 

2800. 

3 

Ravines . 

S.  14,  com . 

\  1 

60 

75 

15 

25 

11 

13 

^3800. 

4 

River  near  Gorgona . ’ . 

1 

100 

17 

14 

1800. 

f  3 

75 

15 

1 

3 

75 

17 

6 

S.  14  and  C.  14 . 

J  1 

81 

14 

>5400. 

1 

81 

14 

1  3 

40 

6 

1 

6 

Rio  Pisco  and  ravines  _ _ _ 

S.  15,  mid . 

3 

75 

13 

6100. 

7 

rrnllipfl  _ _ _ 

1 

81 

14 

5300. 

8 

River  near  Barbacoas . 

S.  18,  com . 

75 

13 

1  ^5600. 

9 

Frijole  Grande  . . . . 

C.  19,  com _ 

X  3 

3 

75 

40 

13 

6 

5 

4400. 

10 

Frijole . 

S.  19,  end . . 

1 

81 

14 

15800. 

11 

Rio  A  glia  Saliid  . . . . . 

S.  20,  end . 

3 

60 

9 

7400. 

12 

Ravine  in  very  broken  country . 

S.  20.  end . 

1 

60 

9 

2200. 

13 

Qua.  Ai^ota . . . . 

S.  21,  com  .....’ 

3 

75 

17 

6800. 

14 

Rio  Tortnoso . . . . . 

C.  22 . 

75 

17 

. 

|5800. 

Rio  Gatun  drains  into  Mindi . 

} . 

\  3 

75 

17 

58600. 

Rio  Mindi  drains  into  Boca  Chica . 

) 

Viaduct  Rio  Chagres  near  Matachin . 

12 

00 

12.8 

12  to  44 

3200. 

Raain  near  Ohispo  station _ 

2400. 

1 

Rio  Cabnila . . . . . . . 

1 

81 

3000. 

2 

Near  40-'foot  falls . . 

3 

75 

17 

5700. 

Rio  Sardan ilia ;  well  into  canal . 

6800. 

Upper  Obispo;  well  into  canal . 

12900. 

Rro  Grande  drained  each  side  of  canal. . . . 

1 

50800. 

THE  FEEDER. 


The  manner  of  locating  the  feeder  has  been  already  given. 

At  a  point  distant  some  twelve  miles  by  the  traverse  above  the  site  of  the  viaduct  the  valley 
of  the  Chagres  was  found  to  be  inclosed  between  two  solid  walls  of  rock,  very  steep-sided,  and 
approaching  within  less  than  600  feet  of  each  other. 

Here  a  location  was  selected  for  a  dam,  by  which  to  raise  the  waters  of  the  river  to  a  height  of 
12  feet  (being  one  foot  for  each  mile  of  distance)  above  the  proposed  surface  of  the  water  in  the 
viaduct.  The  exact  spot  chosen  was  at  a  short  bend  made  by  the  stream  in  its  narrow  valley.  The 
channel- way  is  but  140  feet  wide,  with  a  rocky  bank  and  bed  ;  it  is  proposed  to  place  the  dam  across 
the  lower  side  of  the  bend,  and  across  the  channel  from  side  to  side  of  the  valley,  raising  tlie  waters 
36  feet  above  the  surface,  as  it  stood  at  the  time  of  the  survey. 

An  mlmirable  foundation  and  admirable  abutments  are  secured  for  it  by  this  locatiou.  In  the 
accompanying  drawing  (Plate  II)  is  showm  the  cross-section  of  the  river-valley,  together  with  the 
dimensions  of  the  proposed  structure. 

As  has  been  said,  the  initial  point  of  the  feeder  is  some  4,800  feet  by  the  river- traverse  above 
the  site  of  the  dam,  but,  owing  to  a  curve  in  the  river,  quite  as  near  to  the  line  of  canal.  The  effort’ 
to  locate  the  feeder  on  a  grade-line,  by  which  an  open  cut  of  moderate  depth  could  be  secured,  proved 
unavailing,  except  by  a  vast  increase  in  the  length,  and  even  when  the  grade  could  be  followed  the 
hill-sides  were  frequently  so  steep  as  to  give  no  location.  The  elevations  were  often  much  too  high, 
and  in  two  localities  considerably  too  low  for  the  purpose. 

As  finally  located,  the  feeder  proposed  is  10.22  miles  long,  in  which  distance  there  will  be 
required  seven  sections  of  tunnel  of  the  following  lengths,  respectively,  y\z : 


No.l 
No.  2 
No.  3 
No.  4 
No.  5 
No.  6 
No.  7 


Feet. 

4,200 

5,000 

300 

800 

1,400 

900 

500 


Aggregate  of  trmnel 


13,700 
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There  will  alsp  be  required  two  inverted  siphons  of  4,530  feet  and  12,000  feet  len^h,  respect¬ 
ively.  Computations  were  also  made  for  aqueducts  in  place  of  the  inverted  siphons,  and  the  cost 
found  to  be  so  little  in  excess,  that  Mr.  Menocal  strongly  recommends  their  use  instead.  The 
remainder  of  the  distance  will  be  in  open  cut. 

The  feeder  discharges  its  waters  into  a  receiving-basin  of  22  acres  superficial  area,  and  of  which 
mention  has  already  been  made.  This  basin  is  located  in  the  Pacific  division  about  1,000  feet  fix)m 
the  end  of  the  viaduct,  and  is  formed  by  the  erection  of  a  dam  to  inclose  an  angle  between  two  spurs 
of  the  range  of  hills  forming  one  side  of  the  valley  of  the  Chagres.  The  length  of  the  dam  will  be 
upon* the  top  1,760  feet;  its  height  from  the  lowest  foundation  will  be  74  feet.  The  channel  of  the 
Eio  Obispo  has  to  be  turned  for  a  short  distance  to  give  room  for  the  dam. 

A  plan  of  the  basin,  with  a  profile  showing  the  location  of  the  dam  and  a  cross-section  of  the 
latter,  is  among  the  accompanying  drawings. 

It  is  proposed,  by  a  gate  at  the  head  of  the  feeder,  to  cut  off  the  supply  of  water  in  the  canal 
when  found  desirable.  All  the  superabundant  waters  of  the  Chagres  will  then  escape  over  the  dam 
and  will  pass  through  the  culverts  under  the  viaducts. 

The  floods  of  the  Chagres  are  caused  in  part  by  the  backing  up  of  the  waters'  from  below. 
Much  of  this  could  be  prevented  by  clearing  off*  the  timber  in  the  bends  of  the  river ;  a  work,  by  the 
way,  which  it  would  well  repay  the  railroad  company  to  undertake,  the  road  suffering  a  good  deal 
at  times  from  being  overflowed. 

CHAEACTEE  OF  EXCAVATIONS  AND  MATEEIALS  FOE  CONSTEUCTION. 

In  the  vaUey  of  the  Eio  Grande  the  land  is  generally  low  and  swampy ;  the  soil  seems  to  be  an 
admixture  of  sand  and  clay,  with  a  great  deal  of  ooze  in  the  bed  of  the  stream. 

Approaching  the  divide,  we  find  a  vegetable  mold  overlying  a  stratum  of  clay,  with  sandstone 
cropping  out  so  often,  and  appearing  in  the  cuts  to  be  so  near  the  surface,  that  in  our  computations 
for  excavation  we  have  taken  the  rock  to  be  within  10  feet  of  the  surface,  not  only  in  the  dividing 
ridge,  but  in  all  the  hills  throughout  the  line.  In  the  valleys  20  and  30  feet  were  allowed  for  earth. 
The  sandstone  is  being  quarried  on  the  Pacific  slope  at  Paraiso,  about  nine  miles  from  Panama, 
and  at  Bohio  station,  on  the  Atlantic  side,  and  seems  to  be  of  the  same  character  in  both  places;  so 
soft,  that  with  a  geologist's  ordinary  hammer  I  have  broken  to  fragments  pieces  a  half  cubic  foot 
in  size  with  but  two  or  three  blows.  Exposed  to  the  atmosphere,  it  becomes  honey  combed  upon 
the  surfaces.  It  is  used  by  the  Panama  Eailroad  Company  in  bridges,  &c.,  but  would  not  be  at  all 
suitable  for  structures  required  to  sustain  great  weight  or  to  withstand  any  severe  shocks. 

The  excavation  in  the  hills  and  the  liigher  valleys  and  plains  will  present  only  the  ordinary 
features  of  vegetable  mold  overlying  clay,  and  under  that  the  sandstone,  which  last  can  be  removed 
by  the  pick  and  crow-bar,  though  it  would  probably  not  be  as  economical  a  method  as  blasting. 
Some  of  the  swamps,  particularly  what  is  known  as  MillePs  Swamp,  some  twelve  miles  from  Aspin- 
wall,  gave  great  trouble  to  the  railroad  company,  and  I  fear  would  do  so  again  in  the  event  of  the 
construction  of  a  canal  on  this  route. 

The  soil  is  a  soft  ooze  of  unknown  depth,  and  I  greatly  fear  that  it  would  be  exceedingly  diffi¬ 
cult  to  prevent  the  channel’s  filling  up  as  fast  as  opened.  Near  Aspinwall  the  swamp  seems  to 
overlie  a  bed  of  coral,  and  a  channel  could  probably  be  there  maintained  without  trouble. 

MATEEIALS  FOE  CONSTEUCTION. 

There  is  wery  little  material,  except  timber,  fit  for  purposes  of  construction.  No  rock  was 
found  which  could  be  used  as  dimension-stone,  and  it  is  even  doubtful  whether  any  would  answer 
for  concrete. 

Some  limestone  of  fair  quality  was  found  near  Empire  and  along  the  banks  of  the  Chagres. 
Of  timber,  there  is  great  abundance. 

HAEBOES. 

Panama. — ^The  only  improvement  proposed  in  the  bay  of  Panama  is  the  excavation  of  a  straight 
channel  18  feet  deep  at  mean  low  water  out  to  the  18-foot  curve,  a  distance  of  9,200  feet.  As  there 
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are  some  20  feet  of  rise  and  fall  of  tide,  this  channel  would  have  26  feet  of  depth  whenever  the 
water  was  above  half-tide,  or  for  over  twelve  hours  each  day. 

Large  vessels,  or  vessels  of  18  feet  draught  and  over,  would  have  to  wait  for  a  favorable  stage 
of  the  tide  to  enter  or  leave  the  canal,  making  a  delay  in  extreme  cases  of  from  five  to  six  hours. 

The  enormous  additional  cost  of  gi\ing  a  deeper  channel  we  regard  as  a  worse  evil  than  any 
small  delays  to  shix)8  in  passing.  The  waters  of  the  bay  are  so  very  quiet,  that  no  protection  is 
needed  for  the  entrance  of  the  canal. 

A»pimcall. — Estimates  have  been  made  for  deepening  a  channel  in  the  Bay  of  Aspinwall  out  to 
the  26-feet  curve,  a  distance  of  1,826  feet,  the  few  inches  of  rise  and  fall  of  the  tide  offering  ncf  such 
help  as  we  have  at  Panama. 

A  breakwater  is  also  estimated  for,  to  extend  from  the  point  where  the  light-house  is  located 
in  a  west  direction  for  a  distance  of  1,600  feet,  which  would  render  the  harbor  perfectly  safe  in  all 
weathers. 

The  breakwater,  although  exceedingly  desirable,  is  not  absolutely  necessary,  and  its  construc¬ 
tion  might  at  least  be  delayed  until  the  canal  should  begin  to  earn  something. 

The  shores  surrounding  the  Bay  of  Aspinwall  are  of  coral  formation,  and  all  the  reefe  in  the 
harbor  seem  to  be  of  the  same. 

COMPUTATIONS  AND  ESTIMATES. 

Careful  computations  have  been  made  by  Mr.  Menocal,  and  by  Lieutenants  Taussig  and  Moser 
and  Masters  Coffin  and  Green,  under  his  immediate  direction,  of  the  amount  of  excavations  in  rock 
and  earth,  of  materials,  masonry,  &c.,  required  for  the  construction  of  the  canal,  the  erection  of 
locks,  dams,  &c.,  for  the  improvement. of  the  channels  from  the  termini  of  the  canal  to  deep  water 
in  the  Bays  of  Panama  and  Aspinwall,  respectively,  and  for  a  breakwater  in  the  latter.  And  upon 
these  computations  Mr.  Menocal  has  estimated  the  cost  of  the  work. 

The  following  is  a  summary  of  the  estimated  cost,  viz : 


Excavations  and  embankments .  $37, 392, 935 

One  tide-lock,  Pacific  side .  290, 815 

Twelve  lift-locks,  Pacific  side .  3, 931, 672  . 

Twelve  lift-locks,  Atlantic  side .  3, 787, 286 

Viaduct  across  the  river  Chagres .  1, 415, 333 

Feeder .  7,954,182 

Dam  across  the  river  Chagres .  805, 908 

Dam  to  confine  receiving-basin  at  Obispo .  1, 606, 869 

Fourteen  culverts,  Atlantic  side .  12, 579, 878 

Two  culverts.  Pacific  side .  781,600 

Drains,  Atlantic  side .  921,073 

Drains,  Pacific  side .  368, 638 

IVo  weUs,  or  cess-pools,  to  drain  streams .  13,886 

Excavations,  Bay  of  Panama .  1,992,585 

Excavations,  Bay  of  Aspinwall .  983, 785 

Breakwater  at  Aspin waU .  782, 673 


Total .  75,609,108 

Adding  25  per  oent.  for  contingencies .  18, 902, 252 


Total  estimated  cost .  94, 511, 360 

The  following  is  the  scale  of  prices  allowed,  viz : 

Per  cubic  yard. 

Excavations  in  rock .  $1  25  to  $1  50 

Excavations  in  earth .  35 

Excavations  in  swamp .  40 

Embankment .  15 

Hydraulic  concrete  . .  8  00 

Dressed  stone  for  miter-sills  of  locks .  18  00 

Excavation  in  tunnels  for  feeder,  sandstone .  4  00 

Excavation  in  rock  for  cess-pools .  4  00 

Under-water  excavation.  Bay  of  Panama .  5  00 

Under-water  excavation.  Bay  of  AspinwaU .  500 

Pierre  Perdue  breakwater,  Aspinwall .  3  00  to  4  00 
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ADVANTAGES  AND  DISADVANTAGES  OF  THE  PANAMA  ROUTE. 

The  advantages  of  tliis  line  are :  an  ample  w  ater-supply ;  an  open  cut  with  but  a  moderate 
average  depth  of  excavation ;  a  comparatively  short  distance,  41.7  miles,  from  sea  to  sea ;  fair 
harbors  on  either  side ;  the  proximity  of  a  well-constructed  railroad ;  the  established  communica¬ 
tion  with  the  principal  ports  of  the  world ;  the  absence  of  high  winds ;  and,  in  common  with  the 
whole  Isthmus,  the  fertility  of  its  soil  and  the  salubrity  of  its  climate  during  the  dry  season. 

The  disadvantages  are:  the  large  annual  rainfall;  the  want  of  material  for  construction  pur¬ 
poses  ;  the  character  of  some  of  the  swamp  lands  in  certain  portions  of  the  line ;  the  amount  of 
tunneling  required  in  the  feeder ;  the  necessity  of  a  viaduct ;  the  i)revailing  calms  of  Panama  Bay, 
causing  tedious  delays  to  sailing-vessels ;  and,  finally,  as  compared  with  more  northern  lines,  the 
greater  distance  of  Panama*  from  the  ports  upon  the  west  coast  of  the  United  States. 

CLIMATE,  HEALTH,  ETC. 

The  year  is  divided,  as  in  other  parts  of  the  American  Isthmus  and  of  Central  America,  into 
two  seasons,  the  rainy  and  the  dry,  the  former  beginning  in  the  latter  part  of  May  and  lasting 
until  the  last  of  November,  when  it  gives  place  to  the  latter,  which  lasts  till  May  comes  around 
again.  There  is  comparatively  little  authentic  data  on  the  subject  of  the  annual  rainfall  upon  the 
Isthmus.  During  the  last  few  years,  careful  observations  have  been  made  by  the  surgeon  of  the 
Panama  Kailroad  Company  at  Aspinwall.  His  results  are  given  in  tabular  form  in  the  following 
paragraphs,  copied  from  the  Panama  Star  and  Herald  of  April  7,  1875 : 

The  Rainfall  of  the  Isthmus. — We  are  enabled  to  present  our  readers  with  an  interesting  abstract  from  the 
records  kept  by  the  surgeons  of  the  Panama  Railroad  Company  at  Aspinwall  of  the  rainfall  there  for  five  consecutive 
years  from  to  1874,  inclusive.  It  wiU  be  seen  from  the  table  of  the  monthly  average  of  these  years  that  the 
greatest  quantity  of  rain  falls  on  the  Atlantic  slopes  and  plains  of  the  Cordilleras  in  the  month  of  November,  whereas 
on  the  Pacific  side  the  month  of  October  has  always  been  regarded  as  the  rainiest  month  iu  the  year.  It  is  to  be  re. 
gretted  that  no  one  has  ever  thought  of  keeping  the  rain-fall  at  Panama,  by  which  an  interesting  comparison  could 
have  been  made  between  the  two  places;  but  we  have  been  able  to  obtain  some  statistics  of  the  kind,  kept  at  Tabogai 
an  island  about  10  miles  tn  the  south,  which,  though  having  a  less  rainfall  than  Panama,  nevertheless  enables  an 
approximate  estimate  to  be  formed  of  that  on  the  Pacific  coast  of  the  Isthmus  as  compared  with  that  of  the  Atlantic. 
There  is  no  doubt  that,  be  the  cause  what  it  may,  the  rainfall  of  the  Atlantic  coast  pours  down  a  quantity  of  water 
along  the  Atlantic  slopes  of  the  Isthmus  one-third  more  than  ever  falls  over  the  plains  or  islands  of  the  Pacific.  We 
need  only  take  as  an  instance  the  rainfall  of  1863  at  Aspinwall,  which  is  recorded  as  135.96  inches,  while  during  the 
same  year  there  fell  at  the  Island  of  Taboga,  only  48.51  inches,  and  this  proportion  more  or  less  may  be  taken  as  a 
rough  guess  of  the  rain  that  falls  at  Panama  compared  with  Aspinwall. 


Table  I. — Annual  rainfall  at  Aspinwall,  1869  to  1874. 


Year. 

January. 

February. 

March. 

AprlL 

1 

July. 

i, 

S) 

S3 

< 

September. 

October. 

November. 

December. 

Total. 

1869  . 

.83 

.77 

.49 

5;  04 

6.72 

10.66 

18.22 

14.02 

8.98 

14.82 

24.13 

10. 10 

114.23 

1870 . . 

4.30 

3.33 

4.05 

6.46 

20.  95 

1  12.48 

15.60 

16.35 

6.74 

11. 21 

32.42 

14.85 

146.64 

1871.. . 

15.42 

.53 

.05 

1.62 

1.63 

7.70  1 

23.27  1 

11.56 

aoo 

12.58 

12.38 

4.94 

99.58 

1872 . 

3.57 

.75 

.83 

1.  30 

21. 43 

22.00 

19.90 

19.97 

16.20 

.32 

19. 11 

13.12 

170. 18 

1873 . 

6.33 

.25 

.13 

2.18 

3.92 

13.20 

12.50 

10.69 

10.  91 

14. 30 

11.  77 

.94 

87. 12 

1874 . 

5.33 

L34 

3.94 

iao2 

a  92 

15.87  ; 

13.62  ) 

17.28 

8.22 

16.65 

20.62 

7.89 

137. 70 

Average... 

5.96 

1. 16 

1. 73 

5.75 

10.59 

13.  65  1 

17. 18  1 

14.98 

9.67 

ia92 

20.05 

a64 

We  insert  the  rainfall  of  each  month  for  the  year  1861, 1863, 1864,  and  part  of  the  rainy  season  of  1866  at  the  Island 


of  Taboga. 


Table  II. — Rainfall  at  the  Island  of  Taboga, 


*Panama  is  six  hundred  miles  farther  from  San  Francisco  than  Brito,  the  Pacific  terminus  of  the  proposed  canal* 
fitfongh  Nicaragua. 
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It  may  be  set  down  as  a  rule  that  for  16  inches  that  falls  a  month  in  Aspinwall  there  falls  3  inches  in  Taboga. 

In  the  month  of  April,  in  Taboga,  in  1861,  we  find  there  were  slight  showers  of  rain  at  the  beginning  of  the 
month,  which  went  on  increasing  as  the  month  went  on.  The  highest  temperature  was  once  91°  on  the  14th  and  the 
lowest  on  the  26th,  74°  Fahr.  The  solar  radiation  rose  the  blackened  bulb  thermometer  to  115°  at  midway  on  the  3<l, 
and  once  in  the  morning  to  102°  on  the  26th.  The  mean  of  the  ozonometer  for  the  month  was  2.06.  During  very 
heavy  r*aius  the  ozouo  reaction  was  very  little.  A  thermometer  sunk  in  the  earth  two  feet  on  the  side  of  a  hill  averaged 
80°  for  ten  days. 

If  wo  take  the  month  of  May,  in  the  same  year,  we  find  recorded  the  following  meteorological  observations.  This 
month  has  been  unusually  heavy — ^22  days  were  rainy,  the  quantity  falling  being  14.30  inches,  while  during  the  first 
half  of  the  month  there  only  fell  2.19  inches.  The  ozone  was  also  less  than  in  the  tlry  season  mouths.  The  maximum 
of  heat  was  87°  and  the  minimun  74°.  The  highest  temperature  in  the  sun  was  101°,  and  with  the  terrestrial  radia¬ 
tion  thermometer  90°. 

Observations  on  the  rainfall  at  Panama  at  the  end  of  last  year  gave  for  the  latter  half  of  the  month  of  August 
1.14  inch,  for  September  8  inches,  and  in  October  17  inches;  the  same  mouth  at  Aspinwall  giving  16.65  inches  and 
November  20.62  inches,  while  there  was  almost  none  at  Panama. 

The  difference  in  the  amount  of  rainfall  upon  the  windward  and  leeward  sides  of  the  Isthmus, 
approxijpately  stated  in  the  above-quoted  passages,  is  of  course  to  be  expeeted.  Narrow  as  is  tue 
Isthmus  at  this  particular  point,  the  enormous  precipitation  on  the  windward  side  frees  the  atmos. 
phere  of  a  very  large  percentage  of  its  moisture  before  it  has  crossed  the  high  ground. 

I  do  not  regard  the  climate  as  an  unhealthy  one  for  temperate  persons,  who  exercise  the  proper 
care  in  their  diet  and  habits.  The  diseases,  as  I  have  had  occasion  to  say  in  a  former  report,  are 
few  in  number,  simple  in  character,  and  generally  yield  readily  to  treatment,  unless  the  patient  be 
a  dissipated  person.  The  report  of  Dr.  Bransford  will  be  found  interesting  on  this  point. 

In  estimating  the  amount  of  labor  which  can  be  performed  by  a  man  in  Central  America, 
comparison  is  often  made  with  the  Southern  States  of  the  Union.  This  is  hardly  a  fair  example 
upon  which  to  form  a  judgment.  The  trade-winds,  blowing  home  for  a  large  portion  of  the  year, 
afford  an  element  which  the  climate  of  our  Southern  States  does  not  possess,  and  which  greatly 
mitigates  the  heat,  or  at  least  the  ill-effects  of  heat. 

The  temperature  in  the  shade  averages  82°,  about,  the  year  around,  and  the  barometer  29.95 
pretty  nearly. 

BIO  INDIO  COAL-MINES. 


A  short  time  before  completing  the  survey  the  following  order  was  received  from  the  Navy 
Department : 

Navy  Department, 
Washingtatif  Febi'unry  9,  1875. 

Sir:  I  inclose  for  your  examination  and  report,  should  you  have  opportunity  and  if  so  doing  will  not  interfere 
with  your  operations  in  connection  with  the  survey  of  the  Isthmus,  printed  documents  on  the  subjexjt  of  coal-mines  on 
the  Isthmus  of  Darien. 

Very  respectfully, 

GEO.  M.  ROBESON, 

Secretary  of  the  Navy, 

Commander  E.  P.  Lull, 

Panama,  United  States  of  Colombia, 

Accompanying  the  above  order  were  the  following  memoranda  from  the  Rev.  Richard  Temple, 
who  claimed  to  be  part  owner  of  the  mines  referred  to : 


To  Commodore  Ammen, 

Navy  Department,  Washington,  D.  C. : 

Sir:  The  order  from  the  department  to  Captain  Lull  was  accompanied  by  a  pamphlet  containing  all  the  necessary 
information  respecting  the  Rio  Indio  coal-mines,  belonging  to  Rev.  Richard  Temple  and  Capt.  Daniel  George. 

Having  already  satisfactorily  ascertained  the  great  extent  and  excellent  quality  of  the  coal,  fully  detailed  in  the 
pamphlet,  Mr.  Temple  is  very  anxious  to  obtain  the  opinion  of  the  very  competent  civil  engineer  that  accompanies 
Captain  Lull,  and  to  have  his  report  incorporated  in  the  report  to  the  department  of  the  result  of  the  expedition, 
believing  that  it  would  enhance  the  probable  success  of  the  present  exploration  in  completing  the  many  advantages 
of  this  route  over  those  already  examined. 

Mr.  Temple  desires  to  ascertain  the  best  and  cheapest  way  to  work  the  mines  and  get  the  coal  to  market.  In  the 
dry  season  the  easiest  way  to  reach  the  mines  is  from  Aspinwall  along  the  coast  southward  to  Puerto  Condido,  at  the 
^outh  of  the  Rio  Indio,  some  thirty-three  miles ;  then  up  the  river,  south  and  east,  at  a  rough  estimate,  probably  twenty 
miles  farther.  It  is  said  that  for  nine  months  in  the  year  the  coal  can  be  shipped,  by  flatboats,  on  the  Trinidad  and 
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Gatnn,  to  Gatan  station,  on  the  Panama  Railroad,  in  one  day.  It  is  important  to  ascertain  this  fully ;  also  whether 
it  would  not  be  cheaper  to  carry  the  coal  by  tramway  to  a  convenient  point  than  by  water. 

The  distance  by  Chorrera,  on  the  Pacific,  about  twelve  miles  from  Panama.  From  the  streams  dividing  on  the 
water-shed  there  is,  according  to  the  statement  of  the  Indian  guides,  a  distance  of  only  eight  miles,  over  a  compara* 
lively  level  country,  to  the  mines.  This  would  make  the  distance  from  Chorrera  about  the  same  as  from  Aspinwall. 
The  ascertaining  of  all  these  points  is  desired. 

The  only  persons  that  know  the  mines  and  can  serve  as  competent  guides  are  Capt.  Daniel  George  and  his  grand¬ 
son,  Jacinto  George,  and  Mr.  F.  C.  Herbruger,  of  Panama. 

From  the  pamphlet  accompanying  the  memoranda  I  extract  the  following : 

Aspinwall  (Colon),  April  18,  1871. 

At  the  request  of  the  Rev.  Richard  Temple,  I  accompanied  him  to  examine  some  coal-lands  he  had  been  fortunate 
enough  to  secure  on  the  Isthmus  of  Panama.  We  crossed  from  the  Pacific  side  to  the  Atlantic.  The  first  portion  of 
the  journey  was  undertaken  on  foot,  keeping  the  Indian  trail  through  the  forest,  and  frequently  crossing  rivers  and 
streams  and  climbing  mountains  of  considerable  altitude.  The  latter  part  was  performed  either  in  canoes,  going  up 
and  down  the  rivers,  or  walking  through  the  beds  of  the  streams,  in  some  cases  to  their  sources  in  the  hills.  In  this 
way  a  good  idea  can  be  formed  of  the  geological  formations  and  characteristics  of  the  regions  through  w'hich  we  passed, 
I  found  the  coal  much  richer  and  more  extensive  than  had  been  represented  to  me  by  Mr.  Temple.  The  first  seam  we 
examined  was  Uvero.  The  vein  crosses  the  stream  on  which  the  mine  is  situated  obliquely,  and  can  be  seen  on  each 
bank.  In  one  place  a  large  sandstone  bowlder  is  lying  on  the  top  of  the  seam.  The  coal  dips  almost  perpendicularly, 
and  is  about  12  feet  thick.  From  this  seam  I  obtained  better  specimens  than  any  that  were  used  in  the  trial  at  Aspin¬ 
wall  (Colon).  We  afterward  traced  this  seam  to  various  points  on  the  same  river,  and  then  to  another  river  at  consid¬ 
erable  distance. 

The  second  mine  we  visited  was  Jaboncillo.  The  seam  crops  out  on  the  banks  of  the  Rio  Indio.  Here  the  coal  is 
visible  at  two  difierent  elevations.  It  was  here  that  we  obtained  the  coal  that  was  so  successfully  tested.  In  one 
place  the  stream  runs  over  the  coal  for  a  considerable  distance,  the  seam  dipping  at  an  angle  of  about  fifteen  degrees, 
and  in  the  other  case  it  runs  along  the  side  of  the  river  for  about  one  hundred  yards,  and  then  disappears  under  the 
water. 

The  third  mine  we  visited  was  the  Esterial.  This  mine  is  situated  on  the  bank  of  a  small  stream  that  flows  into 
the  river  Esterial,  which  empties  into  the  Rio  Indio.  Near  the  small  stream  where  the  coal  is  found  there  rises  a  hill 
about  200  feet  high.  The  coal,  as  seen  on  the  opposite  side  of  the  stream,  seems  to  run  in  the  direction  of  Guinea,  with 
the  dip  of  sixty  degrees;  thickness  about  9  feet.  The  last  mine  we  visited  was  Guinea.  Here  the  coal  crops  out  in 
five  distinct  seams,  separated  by  shales  and  clays,  the  depth  of  these  deposits  being  ntbre  than  25  feet  thick.  From  my 
own  personal  observation,  and  the  statements  of  the  more  intelligent  among  the  inhabitants,  I  believe  there  are  largo 
and  valuable  deposits  of  coal  in  the  localities  we  visited. 

With  regard  to  the  appearance  of  the  coal,  it  resembles  the  cannel  coal  in  many  respects,  being  clean,  almost  pure 
carbon,  breaking  in  two  directions  nearly  at  right  angle  in  the  surface  specimens,  and  more  irregularly  as  we  got  lower 
down,  becoming  harder  and  heavier  as  the  distance  increased  from  the  surface  and  from  the  effects  of  the  atmosphere. 
In  view  of  the  result  of  the  trial  at  Aspinwall  (Colon),  on  April  17, 1871,  on  863  pounds  of  it,  it  is  impossible  to  deny  that 
it  bums  w'ith  a  very  clear  hot  flame,  gives  but  little  smoke,  does  not  cake,  and,  though  light,  is  vei-y  durable,  produc¬ 
ing  no  clinker  and  scarcely  any  ashes. 

The  great  niunber  of  rivers  intersecting  the  seams  of  coal  present  unusual  facilities  for  working  and  transportation. 
As  to  its  immense  importance  in  a  commercial  point  of  view,  I  feel  confident  that  the  facts  that  have  recently  come  to 
the  notice  of  the  residents  on  the  Isthmus,  and  which  will  soon  be  made  more  fully  known  in  other  quarters,  must 
greatly  enhance  its  value. 

CHARLES  ENSOR,  B.  A.,  C.  E., 

Trinity  College^  Dublin. 

Aspinwall,  April  18,  1871. 

Having  accompanied  the  Rev.  Richard  Temple  to  the  Isthmus  of  Panama  for  the  purpose  of  examining  and  testing 
the  coal  that  had  been  discovered  there  about  three  or  four  years  since,  I  soon  found  that  the  statements  made  by  him 
fell  far  below  the  reality.  I  found  veins  cropping  in  many  places  respecting  which  he  had  said  nothing.  We  brought 
about  twenty-five  hundred  pounds  of  coal  with  us  to  Aspinwa-U.  Through  the  kindness  of  the  Pacific  Mail  Steamship 
Company  an  opportunity  was  aflbrded  of  testing  it  on  a  stationary  boiler  connected  with  an  engine  employed  in 
pumping  water  and  hoisting.  ITie  fire  was  lighted  under  the  boiler  at  five  minutes  past  I  p.  m.,  and  in  thirty-five 
minutes  the  gauge  indicated  25  pounds  of  steam.  At  2,  the  boiler  was  blowing  off*  with  55  pounds  of  steam,  the  furnace, 
doors  being  open.  I  find  the  coal  very  free  from  sulphur  and  iron.  It  burns  freely  with  the  doors  of  the  furnace 
open,  leaving  but  little  ashes,  and  no  clinker  perceptible.  Very  light  fires  make  flame  equal  to  double  the  amount  of 
Cumberland  coal,  with  which  I  have  been  intimately  acquainted  for  many  years.  To  bum  it  economically  requires 
but  little  draught,  and  I  am  of  the  opinion  that  a  saving  of  one-third  can  be  efiTected  when  the  firemen  have  become 
acquainted  with  the  best  method  of  managing  it.  I  have  seen  no  locality  where  coal  mines  could  be  worked  to  a  greater 
advantage.  The  seams  are  rich  and  extensive ;  the  climate  much  healthier  than  at  Aspinwall  and  Panama.  There  is 
a  water  communication  with  the  Atlantic  by  the  way  of  Rio  Indio,  on  the  banks  of  which  the  coal  lies.  For  nine 
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months  of  the  year  this  river  is  navigable,  and  for  the  remaining  three  months  it  could  be  made  so  at  a  very  trifling 
expense.  I  have  no  hesitation  in  stating  that  this  coal  is  better  than  any  that  I  have  tested  taken  fix>m  the  same 
depth.  This  immense  property,  if  properly  developed,  will  inevitably  prove  of  great  benefit  to  these  localities. 

WILLIAM  H.  ARNOLD, 

•  Civil  Enfftneer, 


Owing  to  the  distance  and  inaccessibility  of  the  mines  in  question,  such  an  examination  as  was 
asked  for  by  Mr.  Temide,  or,  indeed,  any  examination,  which  would  have  added  to  the  information 
already  possessed,  could  only  be  made  at  considerable  expense ;  and  ha^dng  already  exhausted 
nearly  the  whole  amount  of  funds  available  for  the  work,  I  contented  myself  with  sending  a  trust¬ 
worthy  person  to  obtain  a  specimen  of  the  coal  for  examination.  This  was  submitted  to  the  Smith¬ 
sonian  Institution,  and  was  examined  by  Dr.  F.  M.  Bndlich,  whose  conclusions  are  given  in  the 
following  letter : 


Smithsonian  Institution, 
Washington j  D,  C.,  December  6,  1875. 


Dear  Sir:  Ou  the  return,  recently,  of  our  mineralogist,  the  coal  left  by  you  for  examination  was  at  once  placed 
in  his  hands,  and  the  following  is  his  report  concerning  it : 

*‘The  specimen  is  bituminous  coal,  somewhat  resembling  cannel.  It  was  evidently  taken  from  near  the  surface, 
therefore  the  determination  of  the  water  is  of  no  value.  Ash  comprises  about  ten  (10)  per  cent,  of  the  entire  weight. 
This  coal  may  be  considered  serviceable  for  most  ordinary  purposes.” 

The  above  report  may  be  fully  relied  on. 

I  am,  very  truly  yours. 


JOSEPH  HENRY, 
Secretary  Smithsonian  Institution. 


Commander  E.  P.  Lull,  U.  S.  N. 


CONCLUSION. 

While  this  report  was  in  progress,  Mr.  Menocal,  the  chief  engineer  of  the  expedition,  was 
called  away  very  suddenly  to  go  to  ilicaragua,  upon  a  mission  in  which  he  is  now  engaged, 
under  the  government,  and  did  not,  I  regret  to  say,  make  a  report.  He  had,  however,  completed 
the  estimates  already  given,  and  left  his  work  in  such  condition  that,  although  it  would  have  been 
exceedingly  interesting,  no  detailed  report  was  actually  necessary. 

Since  Mr.  Menocal’s  departure,  Lieut.  E.  D.  Taussig,  U.  S.  N.,  has  been  in  charge  of  the  com¬ 
pletion  of  such  matters  as  required  it,  and  has  exhibited  the  same  close  accuracy  and  attention 
that  have  characterized  his  work  since  his  first  connection  with  the  expedition. 

The  majis,  plans,  and  drawings  have  been  prepared  by  Mr.  Jame«  B.  Philp,  the  draughtsman 
of  the  expedition,  and  are  accurately  and  beautifully  executed. 

I  have  the  honor  to  be,  sir,  your  most  obedient  servant, 

EDWARD  P.  LULL, 
Commander^  Commanding  Expedition, 

Hon.  Geo.  M.  Robeson, 

Secretary  of  the  Navy. 


A. 


Na^ht  Department,  Washington,  March  8,  1875. 

Sir:  The  Department  incloses  for  your  information  and  consideration  a  copy  of  a  communication  from  Mr.  Julian 
Sucre,  Aspinwall,  referring  to  a  plan  for  a  passage  across  the  Isthmus.  This  letter  was  transmitted  to  this  Department 
by  the  honorable  Secretary  of  State. 

Very  respectfully. 


Commander  E.  P.  Lull,  U.  S.  N., 

Aspinwall,  United  States  of  Colombio. 


GEO.  M.  ROBESON, 

Secretary  of  the  Kavy. 
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B. 

,  Colon,  Aspinwall,  January  30,  1875. 

Sir  :  I  beg  most  respectfully  to  submit  for  the  consiileratiou  of  your  government  the  fact  that  I  hold  in  my  pos¬ 
session  the  plan  taken  by  the  late  Capt.  John  Hugg,  of  Baltimore,  of  a  passage  across  the  Isthmus  of  only  eighteen 
miles,  and  which  the  deceased  traveled  over  on  three  different  occasions  during  his  lifetime.  This  plan  is  the  legacy 
left  by  the  deceased  to  his  children,  and  with  whom  I  am  connected.  If  the  State  Department  deem  it  practicable  to 
make  use  of  it,  the  family  have  no  objection,  and,  if  consistent  with  the  desire  of  the  government,  I  would  join  the 
party  on  the  survey;  and,  as  I  presume  that  route  will  be  adopted  for  the  proposed  canal,  then  the  family  will  expect 
to  some  remuneration  will  be  given  to  them  by  your  government. 

I  beg  to  inclase  herewith  a  newspaper  with  some  remarks  on  the  subject  in  Spanish  which  may  better  explain  this 
matter. 


I  have  the  honor  to  be,  sir,  you  most  humble  servant, 

JULIAN  SUCRE. 

The  Hon.  Secretary  of  State, 

United  States  of  America,  at  Washington,  I).  C. 


c. 

[Translation.] 

THE  INTEROCEANIC  CANAL. 

We  extract  the  following  paragraphs  from  a  letter  which  has  been  addressed,  to  us : 

“Capt.  John  Hugg,  a  North  American  citizen  and  native  of  Baltimore,  who  for  nearly  nine  years  past  has  been 
sleeping  the  sleep  of  death,  bequeathed  to  his  numerous  family  before  ho  went  down  to  the  grave  a  legacy  which  was 
pcrhaim  thought  by  them  to  be  of  very  small  value,  but  which,  nevertheless,  may  serve  to  immortalize  his  name  and 
greatly  to  advance  the  material  progress  of  America,  of  Europe,  and  of  the  entire  world. 

“This  legacy  is  nothing  less  than  a  route  for  the  opening  of  communication  between  the  two  oceans,  which  is  the 
result  of  the  numerous  observations  made  by  Captain  Hugg  while  crossing  the  mountains,  which  he  did  tliree  times. 

“A  canal  constructed  by  this  route  would  be  scarcely  eighteen  miles  in  length,  and  I  am  fully  authorized  by  the 
family  of  the  unfortuate  navigator  to  state  to  all  nations,  particularly  the  United  States  of  America,  that  if  they  think 
profier  they  may  address  me,  and  1  will  make  all  such  arnuigements  as  the  case  may  require. 

“It  is  by  no  means  my  desire  to  represent  Captain  Hugg  as  having  been  a  highly  scientiflo  man,  but  only  to  praise 
his  indomitable  perseverance  in  the  execution  of  so  difficult  an  undertaking,  which  ho  accomplished  in  spite  of  innu¬ 
merable  obstacles. 

“If  the  Government  of  the  United  States  shall,  as  I  hope  it  will,  make  an  equitable  arrangement  with  the  Hugg 
family,  and  resolve  to  examine  the  route  in  question,  it  is  more  than  possible  that  its  long-cherished  hopes  and  our 
brightest  dreams  will  soon  be  realized. 

“JULIAN  SUCRE. 

“Colon,  January  16,  1875.'' 


The  accompanying  documents  are  respectfully  forwarded  herewith,  viz: 

1.  Journal  of  Lieut.  E.  H.  C.  Leutz6,  U.  S.  N.,  in  charge  of  party  No.  1. 

2.  Journal  of  Lieut.  H.  G.  O.  Colby,  U.  S.  N.,  in  charge  of  party  No.  2. 

3.  Keport  of  Passed  Assistant  Surgeon  John  F.  Bransford,  U.  S.  N.  Climate,  Health,  &c. 

4.  On  the  Bati-achia  and  Eeptilia  collected  by  Dr.  John  F.  Bi-ansford,  U.  S.  N.,  during  the 
Panama  Canal  survey  of  1875.  Described  by  Professor  E.  D.  Cope. 

Very  respectfully,  your  obedient  servant, 

EDWAED  P.  LULL, 

Commander^  TJ.  8.  V. 

Hon.  Geo.  M.  Eobeson, 

Secretary  of  the  Navy^  Washington^  D,  C. 

S.  Ex.  75 - 6 
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JOURNAL  OF  PARTY  No.  1. 

Lieut.  E.  H.  C.  Leutz6,  U.  S.  K,  in  charge. 

Aspinwallj  United  States  of  Colombia,  Jannary  18,  1875. — Commander  Lull  went  to  Panama. 
Shipped  Henry  Williams  as  servant.  Engaged  two  sailmakers  from  steampship  Acapulco.  United 
States  steamship  Canandaigua  came  in.  Paid  official  visit  to  commanding  officer.  Served  out 
accouterments.  Weather  fine. 

Jantuiryl^. — Served  out  provisions  and  shipped  them  to  Matachin.  Shipped  Charles  Davis  as 
servant  for  party  2.  Received  from  Commander  Lull,  who  is  now  at  Panama,  telegraphic  orders 
to  start  to-morrow  for  Matachin,  where  he  will  meet  the  party,  with  a  number  of  natives  employed 
as  machetsros. 

January  20. — Shipped  Joseph  Ambrosio  and  James  Boyd  as  cooks.  At  7  a.  m.,  all  hands 
started  in  train  for  Matachin.  .The  parties  were  divided  as  follows,  viz  ; 

No.  1. — Lieut.  E.  H.  Leutz^,  U.  S.  N.,  in  charge;  Lieut.  E.  W.  Very,  U.  S.  N.,  transit;  Master 
J.  H.  C.  Coffin,  U.  S.  N.,  level;  IBienry  Lisle  Fleming,  rodman;  Charles  A.  Smith,  Charles  Arbeaud, 
chainmen ;  Mancel  Philp,  pole ;  Joseph  Ambrosio,  cook ;  Henry  Williams,  servant. 

No.  2. — Lieut.  H.  G.  O.  Colby,  U.  S.  N.,  in  charge;  Lieut.  E.  D.  Taussig,  U.  S.  N.,  transit; 
Master  H.  L.  Green,  U.  S.  N.,  level ;  John  E.  Buck,  commander’s  clerk,  U.  S.  N. ;  Robert  S.  Burnett, 
rodman ;  John  H.  Westerfield,  chainman ;  James  Boyd,  cook ;  Charles  Davis,  servant. 

Civil  Engineer  A.  G.  Menocal,  U.  S.  N.,  and  Passed  Assistant  Surgeon  J.  F.  Bransford,  U. 
S.  N.,  accompanied  the  parties. 

On  arriving  at  Matachin  found  that  Commander  Lull  had  been  detained  in  Panama.  Hired 
a  canoe  and  went  up  the  river  to  select  place  for  camp. 

At  2,30,  Commander  Lull  arrived,  bringing  18  macheteros  and  a  quantity  of  provisions.  He 
then  went  to  Aspinwall. 

The  macheteros  were  assigned  to  the  two  parties,  9  to  each. 

All  the  rodmen,  macheteros,  and  several  officers,  all  in  charge  of  Lieutenant  Taussig,  slept  at 
the  railroad  station  of  Obispo.  Weather  pleasant.  • 

Camp  Amman,  Chagres  River,  January  21. — Turned  out  at  3.30  a.  m.,  hired  four  canoes  for  the 
day,  and  builj:  camp  on  the  left  bank  of  the  Chagres,  about  one  mile  from  Matachin.  Named  it 
Daniel  Ammen.  Commander  Lull  and  Paymaster  Clarke  visited  the  camp.  Received  from  Gatun 
four  canoes,  hired  by  Commander  Lull  for  use  in  the  parties.  Weather  fine. 

January  22. — Finished  building  camp  and  adjusted  instruments.  Sent  canoe  for  Commander 
Lull,  who  went  to  Aspinwall  after  visiting  camp.  Mr.  Menocal  went  to  Panama  with  transit  instru¬ 
ment  of  party  1,  in  order  to  have  it  repaired.  Slight  showers  during  early  morning;  otherwise  fine. 

Jarmary  23. — Parties  commenced  work  on  survey.  This  journal  only  records  work  of  party  1. 
To  this  party  was  assigned  the  work  of  locating  a  feeder  for  the  canal.  Gauged  river  Chagres  and 
found  constant  for  current-meter.  Commander  Lull  visited  camp. 

January  24. — Sunday.  No  work. 

January  25. — Started  to  run  line  up  the  Charges,  but  work  had  to  be  suspended,  as  level  tripod 
broke.  Sent  Master  Coffin  to  Aspinwall  to  have  it  repaired.  Dr.  Bransford  went  to  Panama.  Mr. 
Gerald  McKenny,  of  the  New  York  Herald  staff,  visited  the  camp.  Received  mail.  Fine  weather. 

January  26. — Mr.  White,  superintendent  of  the  Panama  Railroad,  visited  camp.  Lieut.  J.  F. 
Moser,  U.  S.  N.,  reported  for  duty,  and  was  assigned  to  party  No.  2.  Commander  Lull  visited  camp 
during  afternoon.  Mr.  Coffin  returned  from  Aspinwall.  Dr.  Bransford  returned  from  Panama. 
Weather  rainj  in  the  afternoon. 

January  27. — Continued  work  on  the  line ;  made  4,500  feet,  mostly  in  the  river. 
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January  28. — Extended  survey  10,000  feet.  Work  all  in  tlie  Chagres  Eiver  and  very  hard,  on 
account  of  strong  current.  Received  provisions.  Weather  fine. 

January  29. — ^The  parties  separated  in  the  morning ;  party  No.  2  moving  to  Empire  station, 
liieii tenant  Leutzd  took  one  load  of  provisions  up  the  Chagres  and  left  it  at  the  proposed  camping- 
ground.  Remainder  of  the  party  extended  the  survey  7,779  feet.  Received  provisions  from 
Panama. 

January  30. — Moved  camp  up  the  river.  Found  it  to  be  hard  and  troublesome  work,  on  account 
of  rapids  and  shoals.  Half  of  the  party,  in  charge  of  Master  Coffin,  walked  up  by  the  river-trail. 
Master  Green  joined  the  party,  having  been  transferred  from  party  No.  2.  Lieutenant  Very  named 
the  camp  Santa  Margarita.  Rain-squalls  during  the  afternoon. 

Camp  Margarita^  Chagres  River j  January  31,  1875. — Sunday.  Finished  building  camp.  Rainy 
during  afternoon. 

February  1. — Extended  the  line  10,861  feet,  although  the  work  was  very  hard.  General  char¬ 
acter  of  river  the  same,  i.  e.,  low  banks  with  gravel  beaches.  The  valley  formed  by  the  inclosing 
range<s  of  hills  increasing  in  width. 

February  2. — ^Ran  10,951  feet.  Commander  Lull  visited  the  party. 

February  3. — The  day’s  work  was  11,936  feet.  At  the  termination,  the  character  of  the  river 
changed.  Banks  steep,  with  isolated  rocky  places. 

February  4. — Moved  camp  up  the  river.  Mr.  Coffin  named  it  Washington. 

Camp  WaMngtonj  Chagres  River ^  February  5. — Finished  building  camp.  Lieutenant  Leutzd 
went  down  the  river  to  bring  up  provisions  which  had  been  left. 

February  6. — Could  not  commence  work  until  7.30  a.  m.,  as  it  rained  earlier.  Ran  4,056  feet  up 
the  river,  and  took  a  cross-section,  which  occupied  a  long  time,  as  the  hills  on  both  sides  were  very 
steep.  From  the  top  of  one  of  these  hills  it  could  be  plainly  observed  that  the  river  ran  between 
two  .mountain -chains  about  3,000  feet  apart,  washing  the  base  of  first  one  and  then  the  other. 

February  7. — Sunday.  No  work.  Discharged  Jos6  Navarete,  Gregorio  Aguirre,  Javier  Fer¬ 
nandez,  and  Jos6  Antonio  Garcia,  macheteros^  at  their  own  request. 

February  8. — Extended  line  11,090  feet.  Rapids  more  frequent,  and  mountains  alternately  on 
either  side. 

February  9. — Extended  line  8,000  feet,  i,  e.,  to  above  Campana,  where  Lieutenant  Very  was  swept 
away  by  the  rapids  and  lost  his  transit-book.  Mr.  Menocal  arrived  with  mail.  Dr.  Bransford  left 
the  party.  Rainy  during  night  and  morning.  Have  reached  a  point  where  by  building  a  dam  across 
the  Chagres  the  level  required  as  a  head  for  the  feeder  can  readily  be  obtained. 

February  10. — Lieutenant  Leutz6  and  Mr.  Menocal  went  on  reconnaissance  and  selected  location 
for  a  dam.  Lieutenant  Very,  in  going  to  run  over  yesterday’s  worlr,  capsized  canoe  and  lost  two 
rmehetas.  Masters  Coffin  and  Green  gauged  river  and  found  1,022  cubic  feet  per  second. 

Fdyruary  11. — Five  men  engaged  as  macheteros  arrived  at  4.30  a.  m.  Located  cross-section  Ibr 
dam.  Lieutenant  Leutzd  and  Civil  Engineer  Menocal  went  on  reconnaisance  to  locate  starting-point 
for  aqueduct.  In  trying  to  avoid  a  high  hill  they  struck  the  river  about  one  mile  above  Campana, 
After  several  unsuccessful  attempts  to  find  a  low  pass,  had  to  give  up  and  get  down  to  the  river, 
which  was  both  hard  and  dangerous,  as  the  hills  were  almost  perpendicular. 

February  12. — Procured  a  guide  at  Campana ;  Lieutenant  Leutzd  and  Mr.  Menocal  then  went 
to  lowest  pass  in  the  hills  and  cut  a  picket  down  to  the  river.  The  party  in  charge  of  Lieutenant 
Very  extended  survey  of  river  4,803  feet,  to  a  point  selected  as  the  starting-point  of  the  feeder, 
which  is  to  be  run  back  to  the  main  line,  following  a  grade  as  nearly  as  possible,  allowing  one  foot 
to  the  mile  of  fall.  Ran  891  feet  and  cut  offset  of  3,500  feet,  coming  out  just  below  Camp  Wash¬ 
ington. 

February  13. — Extended  the  line  4,000  feet  and  cut  offset  of  2,000.  Country  hilly  and  rooky 
and  of  no  value.  Received  provisions.  Mr.  Menocal  left  the  party.  All  hands  suffering  much 
from  garrapatasj  or  wood-ticks. 

Fdrruai'y  14. — Sunday.  No  work. 

February  15. — ^Ran  6,066  feet  with  transit;  level  behind.  Country  hilly.  Cut  offset  to  river  (N. 
W.  3,500  feet).  No  low  land  between  line  and  river.  Crossed  a  savanna,  which  one  of  the  rodmen 
foolishly  set  on  fire,  giving  the  party  some  trouble  to  escape. 
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February  16. — Shifted  camp  down  the  river.  Mr.  Green  called  it  Camp  Sunnyside. 

Cam^  Sunnyside^  Chagres  River,  February  17,  1875. — Lieutenant  Very  and  Mr.  Green  cutting 
an  offset  5,000  feet  perpendicular  to  river;  Lieutenant  Leutz^,  with  Mr.  Coffin  running  up  the  level. 
Cainmander  Lull  came  to  Camp.  Received  provisions.  Discharged  Eloi  Henriquez.  Sent  Master 
Green  to  the  doctor  with  Henry  Williams,  as  the  latter  had  cut  his  arm  badly  and  we  were  unable 
to  check  the  bleeding. 

February  18. — ^Commander  Lull,  accompanied  by  Lieutenant  Leutz6,  went  up  the  river  to  inspect 
shu  ting-imint  of  aqueduct  line,  location  of  dam,  &e.  Lieutenant  Very  went  on  reconnaissance,  and 
found  generally  hilly  and  rocky  country.  Master  Green  and  Henry  Williams  returned.  Discharged 
Jos^  Vera,  Ange  Maria,  Jim  Tomas,  macheteros,  and  shipped  Eusebio  Vasquez,  Jos^  Pablo  Quesada, 
Miguel  Gomez,  Pascal  Narvaiz  in  their  places. 

February  19. — Turned  to  the  right  65®  and  extended  line  5,000  feet.  At  about  4,000  feet  struck 
low  land  of  proi)er  elevation.  Came  to  camp  by  picket  which  was  cut  February  17. 

February  20. — Commander  Lull  left  the  party.  Charles  Arbeaud  went  on  two  days’  leave, 
lieutenant  Leutz6  sick.  Line  was  extended  3,096  feet.  As  elevation  was  too  low  at  that  point, 
Lieutenant  Very  went  ahead  and  found  that  line  had  to  be  changed. 

February  21. — Sunday,  No  work. 

February  22. — Lieutenant  Leutz6  sick.  Extended  line  5,032  feet,  running  over  an  elevated 
plain. 

February  23. — Ran  3,000  feet.  Ground  fell  suddenly,  and  changed  to  a  large  wide  plain.  The 
line  ran  along  a  small  tributary  of  the  Rio  Chilibri  until  it  crossed  the  latter.  A  reconnaissance  on 
grade-line  ui>  the  valley  showed  it  would  be  useless  to  deviate  line.  The  Chilibri  had  to  be  crossed 
by  swimming ;  this  delayed  the  work  some  time.  The  transit  became  wet,  and  work  had  to  be  sus¬ 
pended.  Cut  a  picket  along  the  Chilibri  to  the  mouth.  Found  broken  country.  Charles  Arbeaud 
returned  from  Aspinwall. 

February  24. — Established  Camp  Hunter,  just  below  the  mouth  of  the  Chilibri.  Slight  showers 
during  the  afternoon. 

Camp  Hunter,  Chagres  River,  February  25,  1875. — ^Went  up  the  Chilibri  in  canoes.  Found  it  a 
diity  river ;  average  depth  about  7  feet ;  very  little  current.  The  line  was  extended  5,000  feet, 
leaving  the  valley  of  the  Chilibri  at  a  small  house  situated  on  an  elevation.  Lieutenant  Very  climbed 
mp  the  same,  and  could  plainly  follow  the  two  ranges  inclosing  the  valley  of  the  Chilibri.  Shaped 
course  to  run  between  the  mountains  of  Juanmima  and  San  Salvador.  Cut  trail  to  river.  Fine 
weather. 

February  26. — Ran  5,000  feet  over  mountains  and  along  the  quebrada  of  Juanmina,  which  runs 
between  the  peak  of  that  name  and  the  one  called  San  Salvador.  Returned  to  camp  by  a  road 
leading  to  the  Hacienda  of  Juanmina.  Master  Coffin  and  Heniy^  Williams  went  down  the  river  to 
the  camp  of  party  No.  2,  to  be  treated  by  the  surgeon.  Received  mail  and  provisions. 

February  27. — Several  of  the  men  being  sick,  the  line  could  only  be  extended  4,300  feet. 
Character  of  country  the  same.  From  the  second  elevation  crossed,  the  church  of  Cruces  could  be 
seen,  and  also  that  it  would  be  necessary  to  turn  to  the  river  to  strike  lower  land.  It  was  ver/ 
evident  that  there  was  no  ‘‘mean”  elevation ;  only  high  or  else  very  low  land.  Stopped  work  at 
the  quebrada  of  Fulupa,  and  cut  trail  to  intersect  road  from  Cruces  to  PibA  Master  Coffin  and 
Passed  Assistant  Surgeon  Bransford  visited  the  Ccamp. 

February  28. — Sunday,  Lieutenant  Colby  visited  camp.  Lieutenant  Leutz^  went  down  the 
river  to  Obispo,  to  consult  w  ith  Mr.  Menocal  in  regard  to  the  line. 

March  1. — Lieutenant  Leutz4  joined  the  party  at  Pib^,,  on  their  way  to  work.  Made  4,000  feet, 
riihning  across  spurs  and  quebradas.  Made  reconnaissance  to  below  Cruces,  striking  the  old  transit 
road  from  that  place  to  Panama.  Master  Green  and  party  and  Mancel  Philp  were  lost  in  the  woods, 
but  returned  late  in  the  evening.  Commander  Lull  came  to  camp.  Shipped  Candelario  Segundo. 

March  2. — Commander  Lull  and  Lieutenant  Leutz6  made  a  reconnaissance  up  the  Chilibri. 
Found  low  banks  on  both  sides,  excepting  in  one  instance  on  the  left  bank.  Sent  for  instruments, 
&c.,  as  Commander  Lull  proposed  to  establish  the  fact  that  the  Chilibri  could  not  be  crossed  at  a 
more  favorable  place  by  an  instrumental  examination. 

March  3. — Started  work  at  distance-stake  281  and  ran  line  on  grade  as  nearly  as  possible. 
Made  several  reconnaissances,  but  none  with  any  success.  Made  1,600  feet.  Received  provisions. 
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March  4. — Coutinued  line  2,000  feet  and  then  abandoned  it,  as  its  object  was  attained.  Com¬ 
mander  Lull  left  the  party.  Lieutenant  Very  went  to  party  2  to  get  new  level-tube  for  trausit. 

March  5. — Could  not  work,  as  transit  was  out  of  repair.  Lieutenant  Very,  Master  Coffin,  and 
Henry  Williams  returned.  Discharged  Candelaiio  Segundo. 

March  6. — Started  a  grade-line  at  distance-stake  334,  in  order  to  go  around  the  mountain  of 
Juanmina,  but  found  it  impossible  to  keep  on  grade,  as  the  sides  of  the  mountam  were  too  steep  to 
set  up  the  instruments.  Much  time  was  lost  in  reconnaissance,  and  only  2,800  feet  run. 

March  7. — Sunday.  No  work.  Fine  weather. 

March  8. — After  a  careful  reconnaissance,  concluded  to  run  along  the  edge  of  the  mountain  of 
Juanmina  until  the  main  line  would  be  intersected.  Shaped  course  accordingly,  and  ran  5,200  feet 
over  spurs  and  gullies. 

March  9. — After  running  512  feet,  intersected  the  old  line.  Carried  instruments  to  the  end  of 
same,  and  then  cut  offset  of  2,600  feet  to  the  river.  Master  Green  returned.  Eeceived  mail.  • 

March  lO.-^Shifted  camp  to  Camp  Ammen.  Master  Coffin  on  the  line  running  up  the  level. 
Weather  rainy  early  in  the  morning. 

Camp  Ammen^  Chagres  River ^  March  11. — Lieutenants  Leutzd  and  Very  went  to  Aspinwall. 
The  latter  returned,  but  former  remained  on  sick-list  at  Bojio  station  with  party  No.  2.  Master 
Green  on  line  running  up  the  level.  Acting  Assistant  Surgeon  T.  Chiola,  U.  S.  N.,  arrived  from 
the  United  States  and  reported  for  duty  in  the  party  by  order  of  the  commanding  officer. 

Afarch  12. — Ean  5,443  feet  over  level  country.  Intersected  transit  road  from  Panama  to  Cruces 
about  400  feet  fi*om  end  of  day’s  work. 

March  13. — Extended  the  survey  5,775  feet;  first  part  broken  country,  the  last  part  level. 

March  14. — Sunday.  No  work. 

March  15. — ^After  running  2,310  feet,  the  main  line  of  party  No.  2  was  intersected  at  the  point 
already  chosen,  and  the  feeder-line  therefore  completed.  Country  very  brokeu.  Lieutenant  Leutz6 
returned.  Gauged  the  Chagres  Eiver  at  same  place  as  January  23 ;  found  647  cubic  feet  per  sec¬ 
ond.  TJivil  Engineer  Menocal  and  Dr.  Bransford  visited  the  camp. 

Camp  Ammeiij  March  16. — By  direction  of  Commander  Lull,  commenced  survey  on  main  canal 
line,  extending  from  the  site  of  proposed  viaduct  toward  Aspinwall,  following  a  general  compass- 
course,  but  could  not  start  work  until  8  a.  m.  on  account  of  heavy  fog.  Ean  2,500  feet,  and  stopped 
work  at  1  p.  m.,  in  order  to  go  on  reconnaissance,  which  was  done  by  Lieutenants  Leutz6  and  Very. 
Sent  two  small  canoes  to  Gatun  and  hired  another  from  Francisco  Larosa.  Eeceived  provisions. 
Sent  Henry  Williams  to  Aspinwall. 

March  17. — The  line  was  continued  1,500  feet,  following  the  right  bank  of  the  Chagres.  Work 
very  difficult,  on  the  slope  of  a  very  steep  and  slippery  hill,  broken  by  deep  gullies.  Cut  offset  to 
river,  and  returned  to  camp  along  the  banks,  as  the  picket  was  too  difficult  to  walk  over.  Dr. 
Chiola  went  to  party  No.  2,  Henry  Williams  returned. 

March  18. — The  party  extended  the  line  1,300  feet,  between  the  Cerro  Pilado  and  a  smaller  hill, 
over  a  mass  of  fallen  trees.  This  and  no  shade  made  the  work  so  hard,  that  it  had  to  be  suspended 
about  11  a.  m.  Lieutenant  Leutz6  went  on  reconnaissance,  ascended  a  high  cleared  hill,  and  saw 
all  the  country  ahead.  There  being  no  choice,  concluded  to  run  the  line  on  the  course  marked  on 
the  map.  Followed  a  path  which  led  to  Gorgona,  and  from  there  walked  along  the  railroad  to 
Matachin.  Lientenant  Very  went  to  Aspinwall.  Dr.  Chiola  came  to  camp  for  medicine. 

March  19. — Shifted  camp  to  near  Gorgona,  and  named  it  Colby.  Lieutenant  Very  returned. 
Received  mail. 

Camp  Colby.  March  20. — During  the  night,  our  dog  was  taken  by  an  alligator  and  two  chickens 
by  a  wild-cat.  The  line  was  run  3,100  feet  over  very  broken  country.  Dr.  Chiola  returned. 

March  21. — Sunday.  No  work. 

March  22. — Ean  5,100  feet.  Country  very  broken ‘and  rough.  Mr.  Menocal  joined  the  party. 

March  23. — Extended  line  5,027  feet,  of  which  first  part  \^as  level,  but  latter  very  rough. 

March  24. — Shifted  camp  to  Mamei.  Lieutenant  Very  named  it  Camp  Jeffers.  Lieutenant 
Leutz6  and  Dr.  Chiola  went  to  Aspinwall ;  also  Mr.  Menocal.  The  two  former  returned,  but  the 
latter  remained  with  party  No.  2. 
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Cam^  JefferSj  March  25. — No  work  on  line,  in  order  to  allow  the  level  to  catch  up.  Mr.  Menocal 
came  to  camp  ;  also  Mr.  J.  B.  Philp,  draughtsman.  Kainy  during  the  evening. 

March  26. — Extended  line  3,500  feet  over  partially  level  and  partially  broken  country.  Mr. 
Gerald  McKenny,  of  the  New  York  Herald,  joined  the  party. 

March  27. — Could  not  determine  exact  distance  made,  as  the  party  was  caught  in  a  bush-fire 
and  had  to  run  for  their  lives.  The  chain  had  measured  3,200  feet.  Discharged  Henry  Williams. 

March  28. — Sunday.  Lieutenant  Leutz6  and  Mr.  Menocal  went  on  reconnaissance  to  San 
Pablo. 

March  29. — Chained  1,200  feet  of  Saturday's  picket  and  extended  line  5,000  feet.  Shifted  camp 
to  San  Pablo  station  by  canoes.  Took  up  our  quarters  in  the  track-master’s  cottage. 

Cam^  San  PablOy  March  30. — Ran  5,200  feet  over  mostly  level  country.  Commander  Lull 
visited  the  party. 

March  31. — The  line  was  continued  3,200  feet  over  level  country.  Cutting  very  hard. 

April  1. — After  running  4,600  feet  over  level  country,  at  11.20  a.  m.  connected  with  line  of 
party  No.  2  at  distance  9  +  25  from  off*set,  opposite  mile-post  21  of  the  Panama  Railroad,  thereby 
finishing  the  line. 

April  2. — Sent  two  canoes  to  Gatun.  Mr.  Menocal  and  Dr.  Chiola  left  the  party  and  went  to 
Aspinwall.  Lieutenant  Very  also  left  party  and  took  some  of  the  instruments  and  stores  down. 
Masters  Coffin  and  Green  finished  leveling  and  then  went  to  Aspinwall.  Discharged  Charles 
Arbeaud.  Paid  the  laborers. 


Aspinwally  United  States  of  Colombiay  April  3. — ^Discharged  all  the  laborers  {machateros) ;  also 
Joseph  Ambrosio.  Lieutenant  Leutz6  took  remainder  of  party  and  stores  to  Aspinwall,  and 
reported  to  Commander  Lull. 

Very  respectfully, 

E.  H.  C.  LEUTZfi, 

Ideutenantj  U.  8.  Navy^  in  charge  of  Party  No.  1. 


Commander  E.  P.  Lull,  U.  S.  N., 


Commanding  Eapedition. 
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JOURNAL  OF  PARTY  No.  2. 

Lieut.  H.  G.  O.  Colby,  U.  S.  K,  in  chaboe. 

Aspinwalty  United  States  of  Colombia^  January  19,  1875. — ^The  party  was  organized  as  follows, 

viz: 

Officers, — Lieut.  H.  G.  O.  Colby,  U.  S.  N.,  in  charge;  Lieut.  E.  D.  Taussig,  U.  S.  N.,  transit; 
Master  H.  L.  Green,  U.  S.  N.,  level;  Lieut.  J.  F.  Moser,  U.  S.  N.,  joined  the  party  January  25, 
and  was  put  in  charge  of  the  level;  Master  Green  transferred  to  party  No.  1  January  27 ;  Mr.  J. 
E.  Buck,  commander’s  clerk;  J.  Westerfield,  chainman;  E.  L.  Burnett,  rodman. 

Wednesday^  January  20. — Both  jiarties  left  Aspinwall,  under  command  of  Lieutenant  Leutz6, 
by  tbe  7  a.  m.  train.  At  9.30  a.  m.  reached  Matachin,  where  we  had  something  to  eat,  and  made 
preparations  for  the  night.  Commander  Lull  arrived  from  Panama  by  afternoon  train,  bringing 
with  him  18  macheteros.  Quartered  the  men  at  the  railroad  station-house  at  Obispo  for  the 
night,  under  charge  of  Lieutenant  Taussig,  assisted  by  Masters  Coffin  and  Green. 

Thursday  J  January  21. — Went  to  breakfast  at  5.30  a.  m.,  after  which  Lieutenant  Leutz6  started 
up  the  Chagres  Eiver  with  the  working-party  to  clear  away  for  tbe  camp.  Pitched  camp  on  the 
left  bank  of  the  Chagres  Eiver,  one  mile  and  a  half  from  Matachin  and  opposite  Hacienda  Santa 
Cruz.  Commenced  clearing  away  at  7.30  a.  m. ;  finished  and  had  dinner  at  4.30  p.  m.  Unanimously 
voted  that  the  camp  be  called  ‘‘Camp  Daniel  Ammen.”  Commander  Lull  left  for  Aspinwall  in  the 
evening. 

Camp  Ammen^  Chagres  River ^  Friday^  January  22. — The  day  was  passed  in  settling  down,  adjust¬ 
ing  instruments,  and  getting  ready  for  work ;  also  in  building  cooking-houses.  Commander  Lull 
visited  camp.  Party  No.  2  ready  for  work. 

Saturday^  January  23. — Left  camp  at  10  a.  m.  with  party.  Made  bench-mark  on  right  bank  of 
the  Chagres  Eiver  100  feet  from  water’s  edge,  250  feet  south  11°  west  of  house  Hacienda  Santa 
Cruz.  Ean  a  line  from  this  point  to  the  railroad-track  at  Matachin,  triangulating  the  river  from 
Matachin  one  mile  down.  The  transit  instrument  was  in  charge  of  Lieutenant  Taussig,  Masters 
Coffin  and  Green  running  the  levels. 

Sunday^  January  24. — Lieutenant  Colby  and  Civil  Engineer  Menocal  went  up  the  river  in 
search  of  pro\isions,  but  were  not  successful,  obtaining  only  two  chickens  and  one  duck.  On  the 
way  down,  the  canoeman  ran  us  into  a  snag,  and  without  a  moment's  warning  we  were  thrown  into 
the  water,  the  canoe  turning  bottom  up.  This  being  our  first  experience  of  the  season  in  the  rapids, 
we  considered  ourselves  fortunate  in  only  losing  a  canoe-seat  and  drowning  one  chicken.  Found 
the  rapids  in  many  places  deep  and  swift.  The  nights  are  very  chilly  indeed. 

Monday^  January  25. — Called  all  hands  at  4.30  a.  m.  Set  oft*  at  5.30  a.  m.  Commenced  running 
cross-sections  for  the  location  of  the  viaduct  over  the  Chagres  Eiver  at  Santa  Cruz.  Started  from 
station  established  January  23  opposite  Camp  Daniel  Ammen  at  Santa  Cruz,  and  ran  about  700  feet 
to  the  north ;  then  ran  another  line  nearly  parallel  to  the  first ;  triangulated  across  the  river ;  ran 
1,300  feet  south  44®  east.  At  3.45  p.  m.  stopped  work.  Level  made  station  300  feet  south  of  river. 

Tuesday^  January  26. — Left  camp  at  5.45  a.  m.  Eesumed  work  on  the  line  at  last  point  reached 
yesterday,  carrying  it  farther,  with  the  same  bearing,  south  44®  40^  east,  to  3,100  feet  from  Chagres 
River.  The  level  was  carried  to  a  distance  of  1,500  feet  from  left  bank  of  the  river.  '  At  1,757  feet 
finm  the  river  an  offset  was  run  from  the  right  of  the  line  south  44°  20'  west,  intersecting  the  river 
Obispo  at  205  feet,  and  the  railroad- track  427  feet  from  the  line,  and  at  the  end  of  the  sharp  curve 
of  the  railroad  opposite  the  lower  Obispo  station.  Light  shower  between  3  and  4  p.  m.  Lieut. 
Jeff.  F.  Moser,  U.  S.  N.,  arrived  in  camp  and  relieved  Master  Green  of  the  charge  of  the  leveL  Master 
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Green  was  transferred  to  party  No.  1.  Dined  in  camp  at  4  p.  m.  Commander  Lull  with  party. 
AU  weU. 

Wednesday^  January  27. — Left  camp  at  5.30  a.  m.,  and  started  work  at  6.15  a.  m.  Resumed 
the  line  where  left  off  yesterday.  Ran  on  same  course  4,610  feet ;  then  419  feet  south  29®  40^  east ; 
then  613  feet  south  19^  east ;  resumed  course  south  29®  40^  east.  Total  distance,  5,300  feet. 

Thursday j  January  28. — Commenced  work  at  6.30  a.  m.  Resumed  the  line  where  left  oft*  yes¬ 
terday.  Continued  course  south  29^  40'  east  to  total  distance  7,662  feet.  Passed  most  of  the  day 
with  Mr.  ^enocal  on  a  reconnaissance. 

Friday^  January  29. — Struck  tents  at  daylight  and  made  preparations  for  shifting  camp.  Left 
Camp  Daniel  Ammen  at  7  a.  m.  Went  to  Matachin  by  water,  and  there  took  the  cars  for  Empire 
station.  Arrived  at  10  a.  m.  Built  cook-house,  and  were  comfortably  settled  by  night.  Mr. 
White,  the  superintendent  of  the  Panama  Railroad,  has  kindly  placed  the  house  at  this  station  at 
our  disposal.  The  ttains  stop  whenever  a  signal  is  made.  Not  having  a  clock,  jjurchased  a  cock- 
chicken,  and  it  is  to  be  hoped  that  he  will  ‘‘wake”  us  in  the  morning. 

Empire  Station^  Panama  Railroad^  Saturday^  January  30. — Resumed  work  at  point  left  off  on 
Thursday.  Continued  on  same  line  to  total  distance  of  9,060  feet  to  middle  of  the  Obispo  River. 
Then  returned  to  7,975  feet  of  same  line  to  avoid  a  hill  and  the  river.  Deflected  27^  30^  to  the  left, 
ending  at  8,522  feet.  Found  magnetic  deviation  1°  30'  on  top  of  hill  (local  deviation  of  the  needle). 
“  The  chicken  ”  is  a  great  success,  as  he  crows  at  very  early  daylight. 

Sunday^  January  31. — Clear  and  pleasant.  Remained  in  camp  writing  letters. 

Monday^  February  1. — Resumed  work  at  point  left  off  on  Saturday.  Continued  on  line  to 
8,923  feet,  where  deflected  28®  04'  to  the  left,  and  ran  course  south  23®  5'  east  to  11,513  feet. 
Passed  most  of  the  day  on  a  reconnaissance.  All  boys  should  learn  to  climb  trees  when  they  are 
young,  as  they  may  find  the  knowledge  useful  to  them  at  a  later  period  of  life.  The  line  passed 
close  to  a  very  pretty  hacienda.  The  old  lady  was  very  kind,  and  invited  us  in  to  have  some  fruit. 
Her  small  child  “  had  the  air”  of  having  recently  been  ill  with  small-pox,  and  the  discovery  of  the 
child  caused  the  party  to  move  on  quickly,  alleging  as  an  excuse  for  so  doing  pressing  engage¬ 
ments.  Commander  Lull  and  Mr.  Menocal  with  the  party  on  the  line. 

Tuesday^  February  2. — A  grand  fiesta  in  all  the  villages  to-day.  Our  natives  have  refused  to 
work,  giving  as  a  reason  that  “  it  is  wicked,  and  snakes  will  bite  them.”  Tried  to  obtain  horses  to 
make  a  reconnaissfince,  but  they  would  not  be  caught.  Went  to  Aspinwall  for  supplies,  and  was 
very  glad  to  return  to  camp. 

Wednesday^  February  3. — Commenced  work  at  station  9,  point  left  off  on  Monday.  Ran  an 
offset  south  270  west  to  the  railroad.  Distance  to  center  of  the  Obispo,  93  feet.  Total  distance  to 
railroad,  328  feet.  Returned  to  station  9,  deflected  32°  10'  to  the  left,  and  continued  line  south 
550  15'  east.  Crossed  the  Obispo  at  ten-feet  falls,  and  again  crossed  Obispo  340  feet  from  falls. 
Continued  line  to  station  10.  Total  distance,  12,640  feet.  Deflected  17®  to  the  right  hue  south 
38®  15'  east.  Continued  to  13,280  feet.  Made  a  reconnaissance  with  Mr.  Menocal.  On  our  return, 
found  Commander  Lull  in  camp,  having  brought  with  him,  as  usual,  all  the  good  things  necessary 
for  life.  Think  the  natives  must  have  seen  snakes,  from  the  noise  they  made  coming  home  last 
night,  and  their  sickly  appearance  this  morning. 

Thursday^  February  4. — Continued  from  point  where  left  off  yesterday  on  the  line  south  38o  15' 
east  to  16,376  feet.  Discharged  three  maeheteros^  they  being  more  fond  of  rum  than  of  work. 

Friday j  February  — Resumed  work  at  an  early  hour.  Continued  to  station  11,  1,705  feet; 
deflected  35°  to  the  right,  and  continued  to  18,453  feet,  running  through  thick  jungle  and  palms. 
Lieutenant  Taussig  was  taken  very  ill  on  the  line,  and  was  at  once  removed  to  camp.  Lieutenant 
Moser  taking  the  transit  and  continuing  the  line.  Commander  Lull  passed  the  night  in  camp. 
Went  up  the  river  in  search  of  Dr.  Bransford.  At  sundown  I  reached  the  place  where  party  No.  1 
had  been  in  camp.  From  a  native  I  learned  that  Mr.  Leutz^  had  shifted  camp  that  morning  higher 
up  the  river.  Returned  immediately,  that  I  might  shoot  the  rapids  before  dark.  At  Obispo  sta¬ 
tion  I  met  the  “boss^  of  the  Empire  station  coming  on  horseback  with  a  note  for  me,  informing  me 
that  Mr.  Taussig  was  better.  After  reading  the  note,  I  mounted  the  horse,  the  “  boss  ”  getting  up 
behind ;  and  such  a  ride  as  we  had  through  the  bush  and  gullies  I  On  our  arrival  at  Empire,  found 
a  good  supper  awaiting  us,  and  we,  of  course,  were  happy. 
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Saturday^  February  0. — Kesume^l  line.  Deflected  53^  to  tlie  left  at  stiition  12,  19,300  feet. 
Course  south  57®  20'  east,  and  local  attraction  very  evident  at  this  point.  Crossed  the  Obisi)o  three 
times  between  21,480  feet  and  22,240  feet.  Continued  line  to  station  13.  ToUil  distance,  22, (>77 
feet.  Matle  the  longest  run  of  the  season,  4,000  feet.  Cutting  during  the  morning  was  very  easy, 
but  during  the  middle  of  the  da^^  made  very  little  progress ;  toward  the  afternoon,  howev  er,  it  was 
again  better,  and  we  continued  on  our  ‘‘  wild  career,”  the  leading  maclieteroH  cheering  us  with  an 
occasional  song  or  shout.  Passed  cami)  at  1.30  p.  m.  Braced  up  the  invalid  with  a  call  and  filled 
the  canteens  with  lemonade.  Garrapatas^  or  wood- ticks,  v^ery  troublesome.  Mr.  Menocal  picked  off 
his  person  not  less  than  thirty  in  one  half  hour.  Mr.  Moser  found  two  iniguas  in  his  right  toot.  Bui  - 
nett,  the  rodman,  being  at  leisure,  volunteered  as  axeman.  He  did  well  until  late  in  the  afternoon, 
when  he  made  a  mistake  of  a  lifetime,  by  cutting  down  a  tree  which  contained  a  wasifs  nest.  He 
remarked  afterward  that  his  ‘‘ left  ear  felt  as  large  as  his  head.”  We  find  the  farm  stock  of  the 
neighborhood  ve^y  social — goats,  cows,  pigs,  and  horses  walking  into  the  tjanip  without  being 
invited.  A  large  pig  is  now  just  making  rapid  exit  from  the  gate  with  something  attached  to  his 
tail,  and,  judging  by  appearances,  he  must  have  made  the  acquaintance  of  the  cook. 

Sunday^  February  7. — A  bright  pleasant  day.  Made  a  reconnaissance  as  far  as  I^araiso  sta¬ 
tion. 

Monday^  February  8. — Lieutenant  Taussig  returned  to  duty  and  took  charge  of  the  transit.  Mr. 
Menocal  left  this  morning  to  visit  the  other  camp  up  the  Chagres.  Commenced  work  at  station  13. 
Deflected  18^  to  the  right  and  continued  to  25,945  feet. 

Tuesday^  February  9. — Continued  to  26,629  feet.  Deflected  to  the  left  40®^  to  avoid  crossing  rail¬ 
road.  Ran  offset  to  railroad  92  feet.  Ran  course  south  79^  Iff  east  to  27,626  feet.  Commander  Lull 
visited  the  line;  then  returned  to  camp  with  us  and  passed  the  night.  Westertield,  chainmau,  was 
taken  ill  on  the  line  this  morning  and  sent  to  camp.  Three  niacheteros  down  wdth  fever. 

Wednesday^  February  10. — No  work  to-day,  for,  being  Ash  Wednesday,  the  natives  <leclined  to 
work.  Ma^le  a  reconnaissance  with  Commander  Lull  and  Lieutenant  Taussig.  Dr.  Ricker  came 
out  from  Panama  by  the  morning  train.  He  pronounced  Westertield  out  of  danger.  Dr.  BranS- 
ford,  U.  S.  N.,  arrived  in  10  a.  m.  train  from  Aspinwall.  Was  very  glad  to  see  him  for  many 
reasons,  and  hope  that  he  will  reduce  the  ‘‘sick-list,”  which  is  unusually  large.  All  hands  well  in 
party  No.  1  at  Camp  Washington. 

Thursday^  February  11. — Commander  Lull  was  in  camp  and  on  the  line  to-day,  and  piissed  the 
night  with  us.  James  Boyd  (cook)  was  taken  suddenly  ill  this  afternoon  with  a  “congestive  chill.” 
Sent  a  man  to  Panama  for  medicines.  Commenced  work  where  we  left  off  on  the  9th,  Tuesday. 
Continued  to  28,618  feet.  Deflection  40®  to  the  right  to  resume  former  course.  Continued  to 
29,909  feet.  ,  , 

Friday^  February  12. — Crossed  the  “  summit”  this  afternoon  at  30,849  feet.  Ran  offset  to  rail¬ 
road,  distance  283  feet ;  offset  to  left  of  line  137  feet.  Continued  line  to  station  1(5, 31,679  feet.  Ran 
offset  to  railroad  475  feet  at  station  16,  making  an  angle  of  84^  05'  .with  the  line.  Passed  through 
a  corn-field ;  a  small  house  on  the  left  of  the  line.  James  Boyd  (oook)  died  at  3.30  p.  m.  He  had 
lived  on  the  Isthmus  for  many  years,  and  had  exhausted  his  vital  forces  by  dissipation. 

Saturday^  February  13. — At  8  a.  in.  a  coffin  was  received  from  Panama.  Made  preparations  for 
the  funeral.  At  10.30  a.  m.  James  Boyd  (cook)  was  buried  with  the  customary  (XTcmonies.  Con¬ 
tinued  work  in  the  afternoon.  At  station  16,  deflected  4^  to  the  left ;  continued  to  32,573  feet.  Dr. 
Bransford  captured  a  small  tarantula  as  he  was  about  to  crawl  up  Lieutenant  Moser’s  back,  and 
this  occasioned  some  excitement.  We  placed  our  friend  at  once  in  alcohol,  an<l  watched  its  effect 
upon  him.  Dr.  B.  also  caught  a  bat,  the  station  being  infested  with  them.  Commander  Lull  went 
to  Aspinwall. 

Sundapj  February  14. — Mr.  Menocal  arrived  just  as  we  were  going  to  breakfast.  Passed  the 
motniiig  at  the  river  catching  fish  for  specimens.  By  means  of  a  piece  of  bacon,  Dr.  Bransford 
would  entice  the  fish  into  a  joint  of  a  smoke-pipe,  then  pull  the  pipe  up  quickly  and  deposit  the 
‘‘small  fry”  on  the  land.  We  caught  several  with  bent  pins  fastened  to  a  string.  Have  experi¬ 
enced  great  trouble  with  the  natives  employed  as  niacheteros  this  week,  many  of  them  being  down 
with  the  fever,  and  the  others  shirking  work  whenev  er  an  opportunity  offered.  The  cutting  has 
S.  Ex.  75 - 6 
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been  mostly  through  underwood  and  cane.  Passed  through  several  “  palm-swamps,’’  dry  at  this 
season,  but  showing  by  the  trees  that  the  water  had  at  times  risen  to  a  height  of  15  inches. 

Monday^  February  15. — Moderately  easy  cutting.  Crossed  the  railroad  at  3  p.  m.,  when  we 
stopped  work  and  turned  back  to  camp.  Passed  the  greater  part  of  the  day  on  a  reconnaissance. 
Visited  the  Rio  Grande,  and  received  an  idea  of  its  general  direction,  and  took  my  first  draught  of 
its  water. 

Tuesday^  February  16. — Cutting  very  hard  to-day.  Crossed  the  Rio  Grande  several  times. 
Visited  Paraiso,  and  followed  the  Rio  Grande  for  a  considerable  distance.  Saw  a  tiger-cat  and 
several  alligators. 

Wednesday^  February  17. — Ha\ing  a  slight  attack  of  fever,  remained  in  camp.  Sent  Wester- 
field  to  the  Rio  Grande  station  to  make  preparations  for  shifting  camp.  Lieutenant  Taussig  in 
charge  of  line.  At  7.30  p.  m.  Master  Green  arrived  from  the  other  camp  with  the  boy  Henry,  who 
came  to  see  the  doctor,  having  received  a  severe  cut  upon  his  arm.  Line  resumed  at  37,496  feet  in 
the  valley  of  the  Rio  Grande.  Ran  the  same  day  to  39,814  feet  (south  61°  lO'  east). 

Thursday^  February  18. — Resumed  work  as  usual.  Lieutenant  Taussig  in  charge.  Shifted  camp 
by  railroad  to  Rio  Grande  station ;  Dr.  Bransford,  in  addition  to  his  own  duties,  taking  charge  of 
everything.  We  reached  Rio  Grande  at  11  a.  m.,  and  when  the  party  returned  at  4.30  p.  m.  all 
things  were  in  as  good  order,  thanks  to  Dr.  Bransford,  as  if  we  had  been  here  a  week.  He  demon¬ 
strated  the  fact  that  camp  can  be  shifted  and  line  kept  going  at  one  and  the  same  time.  Regret 
very  much  the  absence  of  a  good  bathing-place ;  also,  that  there  is  no  spring- water  nearer  than  two 
miles.  Owing  to  a  swamp  which  comes  close  up  to  the  back  fence,  this  must  be  an  unhealthy  sta¬ 
tion.  We  are  near  the  Rio  Grande,  but  as  this  point  of  the  river  is  below  tide-water,  it  is  of  very 
little  use  to  us,  being  so  mudd^'  that  the  water  cannot  even  be  used  for  washing  clothes.  The 
drinking-water  at  this  station  is  caught  in  large  tanks,  it  running  from  the  roof  of  the  house,  and 
during  the  rainy  season  enough  is  obtained  in  this  way  to  last  through  the  dry  weather.  I  fear  if 
we  remain  here  long  we  shall  be  down  with  the  fever.  Master  Green  and  boy  Henry  left  this 
morning  early.  The  line  was  prolonged,  with  same  bearing,  to  40,000  feet,  defiected  4^  to  the 
left,  and  extended  to  41,575  feet,  where  another  defiection  of  iP  to  the  left  was  made,  and  the  line 
carried  to  42,298  feet. 

Rio  Grande  Statim^  Panama  Railroad^  Friday^  February  19. — Lieutenant  Taussig  came  in  from 
the  line  with  the  fever.  Mr.  Menocal  relieved  him  of  the  transit.  Lieutenant  Moser  taking  charge  of 
the  line.  Line  was  resumed  at  point  left  off  yesterday  and  extended  to  44,708  feet,  where  a  defiec¬ 
tion  of  14°  47'  to  the  right  was  made,  and  carried  to  45,843  feet. 

Saturday y  February  20. — Following  the  same  course,  the  line  was  extended  to  49,963  feet.  Com¬ 
mander  Lull  walked  ovrr  the  line  from  the  summit  and  came  into  camp. 

Sundayj  February  21. — Still  and  warm.  The  extra  train  from  AspinwaU  passed  in  the  morning. 

Monday^  February  22. — Resumed  line  at  point  left  off*  and  extended  it  to  the  edge  of  a  swamp 
54,700  feet.  Commander  Lull  visited  the  party.  I  went  to  Panama  on  duty  and  remained  over¬ 
night. 

Tuesday y  February  23. — ^An  offset  was  run  from  the  last  transit-point  on  the  line  to  the  railroad, 
and  the  survey  was  then  followed  alonjg  the  track  to  clear  and  meet  the  swamp  again  at  mile¬ 
post  46,  a  distance  of  23,670  feet  from  the  last  transit-point  on  the  line. 

Wednesday y  February  24. — Resumed  work  at  station  25  of  previous  day,  about  400  feet  to  the 
left  of  the  railroad,  and  ran  south  55°  east  nearly  parallel  to  the  railroad.  The  line  was  extended 
to  the  Bay  of  Panama.  Gave  the  macheteros  the  money  they  desired  and  twenty-four  hours’ liberty, 
with  orders  to  be  at  Obispo  Friday  morning. 

Thursdayy  February  25. — Commander  Lull  came  down  in  morning  train  from  AspinwaU,  and 
found  us  aU  packed  and  ready  to  shift  camp.  Shifted  camp  by  morning  train  to  Obispo  station. 
Saw  that  everything  was  in  order,  and  then  the  officers  of  party  No.  2,  accompanied  by  the  com¬ 
mander,  took  the  train  for  Panama,  where  we  arrived  in  season  for  a  good  dinner  at  the  Grand  Cen¬ 
tral  Hotel,  and  passed  the  night,  sleeping  in  beds  for  the  first  time  for  many  nights. 

Friday y  February  26. — Turned  out  at  our  usual  early  hour.  Visited  the  line  with  Commander 
LuU  and  Mr.  Menocal.  Lieutenant  Moser  was  engaged  during  the  morning  in  the  freight-depot  of 
the  Panama  Railroad  Company  doing  some  leveUng.  Returned  to  the  Obispo  station  by  the  after- 


Digitized  by 


Google 


IFTEEOOEAISIC  SHIP-CANALS. 


43 


noon  train,  Mr.  McKenny,  of  the  New  York  Herald,  being  of  the  party.  At  5.30  p.  ih.  Master  Oofl&n 
arrived  from  Camp  Hunter  with  boy  Henry.  Mr.  Coffin  looks  ill  and  used  up.  Black  beans  and 
bacon  as  constant  food  are  not  conducive  to  good  health  or  strength.  Commander  Lull  went  on  to 
Aspinwall,  having  a  touch  of  fevei. 

Ohispo  Station^  Panama  Railroad^  Sat  urday^  February  21, — Began  work  by  running  cross  sections 
to  locate  a  basin.  Work  was  very  successful.  Eetunied  to  camp  at  4  j).  m.  Mr.  McKenny  went 
back  to  Aspinwall.  Mr.  Coffin  and  the  doctor  visited  camp  Hunter.  Coffin  is  to  remain  with  us  a 
few  days  to  see  what  fresh  meat  and  a  change  of  scene  will  do  for  him.  Regretted  to  hear  that 
Lieutenant  Leutz4  was  ill. 

Sunday,  Februpiry  28. — Passed  the  morning  mending  clothes  for  next  week’s  work.  Visited 
Camp  Hunter,  took  dinner  there,  and  brought  Lieutenant  Leutz6  down  in  the  evening.  Found  the 
Chagres  very  low,  and  experienced  some  difficulty  in  getting  over  the  rapids. 

Monday,  March  1. — Lieutenant  Leutz6  left  us  at  3  a.  m.,  and  started  up  the  river  for  his  camp. 
Began  making  preparations  to  shift  camp.  At  6  a  m.  the  macheteros,  hearing  we  i)roposed  shifting 
camp  and  finishing  the  cross-sections  the  same  day,  refused  to  work  unless  paid  off.  Having  paid 
them  on  Wednesday  last  the  money  they  wished  for,  and  also  given  them  two  days  liberty,  did  not 
think  it  necessary  to  pay  so  soon  again,  and  therefore  discharged  them  all ;  then  went  to  Matachin. 
hired  a  gang  of  men  for  the  day,  and  finished  the  work  at  Obispo.  By  the  morning  train  shifted 
part  of  camp  to  Frijoles,  and  left  the  rest,  under  charge  of  Master  Coffin,  to  come  by  evening  train- 
Commander  Lull  visited  us  at  Frijoles ;  after  which  he  took  the  afternoon  train  for  Matachin,  intend, 
ing  to  visit  the  other  party  up  the  Chagres.  Lieutenant  Taussig  arrived  by  afternoon  train  with 
working-party  and  rest  of  camp  furniture.  Went  to  Buena  Vista  and  engaged  a  gang  of  men  to 
begin  work  to-morrow. 

Frijoles  Station,  Panama  Railroad,  Tuesday,  March  2. — Began  work  at  an  early  hour,  as  usuaL 
Men  arrived  from  Buena  Vista  at  5.30  a.  m.  Ran  offset  from  mile-post  21  north  84P  45'  east  to 
1,200  feet ;  from  there  ran  line  north  5°  15'  west.  The  cutting  is  remarkably  easy,  and  the  country 
looks  comparatively  level. 

Wednesday  March  3. — Continued  work  as  usual.  Cut  offset  167  feet  south  of  mile-post  19  to  800 
feet.  Made  several  reconnaissances.  Sent  Jones  (chainman)  to  Aspinwall  for  shoes.  Went  to 
Aspinwall  on  duty.  The  line  running  through  level  country  and  dry  swamps. 

Thursday,  March  4. — On  my  return  from  Aspinwall  found  that  the  men  who  had  been  dis¬ 
charged  at  Obispo  had  come  down  to  be  taken  on  again,  but  sent  them  away  at  once.  Sent  Jones 
to  Aspinwall  with  orders  not  to  return.  Paymaster  Clarke  visited  camp.  Commander  Lull  passed 
in  train  for  Aspinwall.  Lieutenant  Very  remained  overnight  with  us,  having  come  down  to  obtain 
a  level-tube  for  his  transit. 

Friday,  March  5. — Went  to  Buena  Vista  and  vicinity  with  Commander  Lull  and  Mr.  Menocal. 
Also  made  a  reconnaissance  of  the  hills.  On  our  return,  found  the  head  of  the  line  coming  by  the 
station-house  100  feet  to  the  rear.  Commander  Lull  and  Mr.  Menocal  passed  the  night  in  camp. 
Heard  to-day  that  Matachin  had  been  entirely  destroyed  by  fire,  the  fiames  spreading  so  rapidly 
that  only  the  people  e8cai)ed,  leaving  everything  behind  them.  Lieutenant  Very,  Master  Coffin, 
and  boy  Henry  left  for  Camp  Hunter. 

Saturday,  March  6. — Continued  work  on  line.  Visited  Buena  Vista  and  vicinity  with  Com¬ 
mander  Lull  and  Mr.  Menocal.  The  new  men  work  very  weU,  and  seem  to  take  great  interest. 
Commander  Lull  and  Mr.  Menocal  returned  to  AspinwalL  End  of  line  250  feet  from  railroad  300 
feet  south  of  mile-post  18. 

Sunday,  March  7. — Clear  and  hot  at  9.30  a.  m.  Steam-engine  Colon  from  Aspinwall  to  Matachin 
stopped  at  station,  and  the  engineer  and  master- machinist  took  breakfast  with  us.  We  found  the 
latter  not  only  a  good  workman  but  an  uncommonly  good  talker.  We  eiyoyed  his  stories  very 
much.  When  they  went  back,  accompanied  them  as  far  as  Buena  Vista,  and  from  there  walked  to 
Bohio  station,  returning  that  afternoon.  Found  the  station-house  at  Bohio  empty  and  in  good  con¬ 
dition.  If  i)ossible,  will  shift  camp  on  Tuesday.  Lunched  off  ‘‘Boston  baked  beans.”  First 
Sunday  that  native  working-party  has  not  been  more  or  less  under  the  influence  of  liquor,  and  I 
am  inclined  to  think  that  we  have  at  last  good  men. 

Monday,  March  8. — ^Visited  Aspinwall  on  duty,  to  consult  Commander  Lull.  Found  Mr.  Meno- 
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cal  quite  ill.  Light  showers  during  the  afternoon.  Dr.  Bransford  went  to  Aspinwall  to  see  Mr. 
Menocal. 

Txmday^  March  9. — Kesumed  work  at  an  early  hour,  running  through  level  country.  Boused 
during  the  night  by  hearing  a  fearful  noise  in  the  vicinity  of  the  chickens,  and  made  preparations 
to  shoot  somebody  or  something,  when  a  slight  rustle  was  heard,  and  then  all  was  still. 

Wednenday^  March  10. — Continued  work  on  line  and  shifted  camp  to  Boliio  station.  It  rained 
quite  hard  during  the  morning.  Commander  Lull  i)assed  on  his  way  to  Panama.  This  is  decidedly 
the  best  house  we  have  been  in,  it  being  in  good  repair  and  having  pleasant  surroundings.  The 
water  at  one  time,  I  am  told,  was  very  good,  but  now  it  is  very  bad.  In  front  we  have  a  large 
orchard  of  mangoes  .and  guavas.  • 

Boliio  Stution^  Panama  Railroad^  Thursday^  March  11. — Commander  Lull  visited  the  line  this 
afternoon.  Ran  3,500  feet.  On  return  to  camp,  found  Lieutenant  Leutz4  and  Mr.  Menocal.  Both 
ai*e  under  the  care  of  the  doctor. 

Friday^  March  12. — Running  over  high  hills  and  through  valleys.  Tlie  cutting  is  remarkably 
easy.  The  country  through  which  we  are  passing  to-day  has  not  been  cleared  for  years,  if  ever. 
The  trees  are  line  and  large,  and  many  of  them  look  as  if  they  would  make  good  timber.  ThehiUs 
are  very  steej),  and  one  is  almost  perpendicular.  Ran  3,600  feet.  Commander  Lull  returned  to 
camp  at  6.30  p.  m.,  having  been  engaged  for  four  hours  in  building  a  road. 

Saturday^  March  13. — Cutting  very  easy.  Ran  4,500  feet.  Passed  some  magnificent  trees. 
The  ])aymaster  visited  caini)  with  money.  After  dinner,  paid  the  men.  Mr.  Menocal  went  on  the 
line  for  a  short  time  in  afternoon.  Commander  Lull  went  to  Aspinwall.  A  tiger-cat  crossed  the 
line. 

kSiinday^  March  14. — Clear  and  pleasant.  Discharged  four  of  the  men,  but  was  able  to  fill  their 
places  by  evening.  Lieutenant  Leutzi^  and  Mr.  Menocal,  with  myself,  took  a  long  walk  down  the 
track.  Saw  the  Chagres  and  examined  the  ground  where  it  is  proposed  to  run  the  line. 

Monday,  March  15. — Began  work  as  usual.  Visited  Lion  Hill  with  the  track -master  of  this 
section  of  the  railroad,  and  m.ade  arrangements  for  shifting  camp  to-morrow.  Reached  the  line 
almiit  8.30  a.  m.  A  very  poisonous  snake  was  killed  by  one  of  the  party.  The  line  ran  over  the 
western  edge  of  a  range  of  hills.  I  am  convinced  there  is  a  valley  situated  300  feet  to  the  left,  and 
intend  running  oftsets  to-morrow,  which  will  show  the  contour  of  the  hills.  Ran  3,300  feet.  De’ 
fleeted  the  line,  while  running  through  the  hills,  to  the  left.  Commander  Lull  and  Paymaster 
Clarke  ])assed,  on  their  way  to  Panama,  and  were  joined  at  Bohio  by  Mr.  Menocal  and  Dr.  Brans¬ 
ford.  This  party  propose  to  reconnoiter  the  Chepo  River.  One  native  sick  to-day,  and  he  is  the 
first  man  down  since  leaving  Rio  Grande. 

Tuesday^  March  16. — Carried  on  work  as  usual.  Shifted  camp  by  morning  train  to  Lion  Hill 
station.  Found  the  house  very  dirty  and  hardly  fit  to  live  in.  The  water  is  very  poor,  and  there 
is  very  little  of  it.  Ran  several  offsets  south  of  mile-post  13,  to  show  contour  of  the  hills.  Mr. 
Buck,  captain’s  clerk,  came  in  from  the  bne  ill  with  the  fever.  Sent  to  party  No.  1  for  the  doctor. 

Lion  Hill  Station,  Panama  Railroad^  Wednesday^  March  17. — Carried  on  work  as  usual.  Ran 
line  to  edge  of  swamp.  Made  a  deflection  of  90®  to  the  left,  and  ran  the  line  to  the  railroad,  con¬ 
tinuing  along  railroad  until  the  line  reached  a  point  where  it  was  possible  to  connect  by  running  in 
and  running  back.  Stopped  work  at  3.45  p.  m.  On  return  to  camp,  found  Drs.  Chiola  and  Badger. 
During  the  morning  the  bne  ran  through  a  banana  plantation,  and  1  was  obliged  to  cut  down  a 
few  trees.  I  had  hardly  done  so  when  the  owner  of  the  plantation,  Francisco,”  came  after  me  with 
a  large  bill  for  damages.  I  went  back  with  him  to  estimate  the  value  of  the  trees  claimed  to  have 
been  injured,  and  found  that  this  man  had  claimed  damages  not  only  for  every  tree  that  had  been 
blown  down  or  injured  in  any  way  within  the  past  month,  but  even  for  those  that  had  died  or  were 
decaying.  He  was  at  last  convinced  that  $8  was  all  that  would  be  allowed  him.  Eight  trees  only 
were  injured,  and  but  three  of  these  were  of  any  size,  two  out  of  the  eight  having  merely  lost  their 
fronds. 

Thursday^  March  18. — Continued  work  as  usual.  Ran  from  track  the  proper  distance ;  then 
back  until  line  struck  the  swamp ;  then  returned  to  the  old  course  and  continued  on  toward  Aspin¬ 
wall.  AVas  obliged  to  deflect  to  the  left  to  clear  Lion  HiU.  At  9  a.  m.  the  man  Francisco  appeared 
with  another  man,  who  presented  a  writ  from^the^alcalde,  which  ordered  me  to  put  in  an  appearance 
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at  Buena  Vista  to  answer  to  the  charge  of  “cutting  down  banana  trees.”  I  was  obliged  to  leare 
the  line,  go  to  Aspinwall  for  money,  and  thence  to  Biiena  Vista,  where  tlie  case  was  settled  by  the 
payment  of  the  $8  which  had  been  awarded  in  the  first  place  as  compensation  for  the  loss  sustained, 
the  man  who  served  the  writ  receiving  a  very  severe  reprimand  from  the  alcalde  for  doing  so.  This 
man  Francisco  is  the  first  disagreeable  land-owner  1  have  met  with  on  the  Isthmus. 

Friday^  March  19. — Struck  Yoimg’s  swamp;  deflected  to  the  left  and  ran  for  two  thousand 
feet ;  then  ran  over  Tiger  Hill.  I  fear  the  line  went  a  little  too  high  to  day.  It  can  be  caiTied  much 
lower  by  following  the  track,  or  even  going  1(H)  feet  to  the  right.  Highest  elevation  of  line,  150 
feet  above  railroad.  Stopped  work  at  2  p.  m.,  having  run  7,441  feet  ;  the  big  run  of  the  season. 
Two  of  the  men  down  with  fever. 

Saturday^  March  20. — Went  on  with  work  as  usual.  Shifted  camp  to  Gatun.  This  is  evidently 
the  best  house  we  have  been  in ;  everything  is  clean  and  in  good  order.  Dr.  Chiola  returned  to 
party  No.  1.  Coming  down  on  the  train,  one  of  the  brakemen  fell  between  the  cars,  and  the  whole 
train  passed  over  him.  He,  however,  received  only  a  few  slight  injuries  on  the  head  and  back. 

Gatunj  Sunday,  March  21. — A  bright,  beautiful  day.  Had  breakfast  at  8.30,  after  which  Seiior 
Carrera,  a  neighboring  haaiendero,  came  with  his  horses  and  took  me  over  his  farm.  From  one  of 
the  hills  I  saw  the  shipping  and  houses  at  Aspinwall;  also  Tiger  Hill  in  the  distance. 

Monday,  March  22. — Continued  work  as  usual.  The  line  is  now  running  through  a  country  con¬ 
sisting  mostly  of  swamps.  Commander  Lull  and  party  passed  on  their  way  to  Aspinwall,  having 
retumecl  safely  from  the  Chepo  River. 

Tuesday,  March  23. — Visited  Aspinwall.  in  the  afternoon  on  horseback.  Found  Commander 
Lull  ill  in  bed. 

Wednesday,  March  24. — Line  passed  to-<lay  directly  in  rear  of  station-house.  Mr.  Menocal 
8toppe<l  in  camp  for  a  few  hours. 

Thursday,  March  25. — Got  the  angle  where  the  line  crosses  tlie  railroad-track,  3J  miles  from 
Aspinwall.  Reconnoitered  ahead;  so  far  as  I  went  found  nothing  but  swampy  land,  at  this  season 
of  the  yesLT  dry,  although  in  many  places  the  ground  is  so  soft  that,  in  order  to  set  up  the  transit,  it 
would  be  necessary  to  build  a  foundation.  Walked  to  Aspinwall  and  saw  Commander  Lull,  who  is 
still  sufifering  and  only  just  able  to  get  about. 

Friday,  March  26. — The  working-party  under  Lieutenant  Taussig  went  to  Tiger  Hill  to  improve 
the  line  run  there  last  week.  Shifted  camp  to  Empire  station,*  having  returned  here  to  improve 
the  line,  in  running  w^hich  a  deflection  was  made  that  we  now  find  was  unnecessary. 

Empire  Station,  Saturday,  March  27. — Started  work  early  at  station  8,  Lieutenant  Taussig  in 
charge  of  line.  Went  to  Leutz^’s  camp,  on  ihe-Chagres,  at  Mamei.  First  trouble  with  the  Buena 
Vista  men  occurred  to-day ;  which,  however,  was  speedily  settled,  and  the  men  agreed  to  finish 
the  line. 

Sunday,  March  28.— Clear,  with  light  showers.  Have  been  trying  to  convince  the  married  men 
that  the  “  proper  thing”  to  do  is  to  go  home  in  the  next  steamer;  to  accomplish  which  will  require 
no  small  amount  of  exertion,  as  the  work  must  be  finished  first. 

Monday,  March  29. — Worked  as  usual,  making  4,0(K)  feet.  Commander  Lull  came  up  in  the 
afternoon  train.  He  has  convinced  the  married  men  of  the  proper  thing.  Macheteros  seem  con¬ 
tented  and  work  well. 

Tuesday,  March  30. — On  the  line  at  2.30  p.  m.  Made  preparations  for  shifting  camp  to  Gatun. 
Commander  Lull  with  the  piirty. 

Wednesday,  March  31. — Shifted  camp.  Sent  boy  with  the  greater  part  of  camp  equipage  to 
Gatun  under  charge  of  Lieutenant  Moser.  Remained  with  working-party  at  Bohio.  Began  work 
at  1  p.  m. 

Oatun,  Thursday,  April  1. — Working-party  went  out  under  Lieutenant  Taussig,  with  orders,  if 
work  be  finished,  to  meet  train  at  Lion  Hill.  While  passenger-train  was  taking  on  our  luggage  a 
gravel-train  from  Matachin  came  around  the  curve,  and  for  a  moment  I  supposed  there  would  be  a 
collision,  but  just  as  the  passenger- train  got  under  way  the  engine  of  the  gravel-train  struck  the  last 
car  and  landed  it  on  the  cow-catcher,  which  prevented  a  more  serious  accident.  Stopped  for  work¬ 
ing-party  at  Lion  Hill  and  sent  them  on  to  Monkey  Hill,  whence  they  walked  back  a  mile  and  a 
hs^to  where  the  line  crosses  the  track. .^Working-party  came  into  camp  at  a  late  hour. 
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Friday^  April  2. — ^The  men  seem  cheerful,  and  hope  to  finish  the  line  this  evening.  Having  a 
four-and-a-half-mile  walk  before  them,  they  started  at  an  earlier  hour  than  usual.  Cuttiug  was  very 
hard  during  the  morning,  and  the  men  suffered  much  for  want  of  water,  although  canteens  had  been 
furnished  and  a  man  detailed  to  keep  them  full.  The  line  struck  the  beach  about  dark,  and  the 
stake  and  nail  were  driven,  and  the  line  finished  from  ocean  to  ocean.  Mr.  Buck  left  the  line  sick 
and  went  to  Aspinwall.  • 

SaUirdayj  April  3. — Struck  camp,  paid  the  men  off,  and  packed  up  for  home.  Moved  on  board 
the  Pacific  mail-steamship  Acapulco. 

Respectfully  submitted. 

H.  G.  O.  COLBY, 

Lieutenant^  United  States  Navy,  Commandiny  Party  No.  2. 

Commander  E.  P.  Lull,  U.  S.  N., 

Commanding  United  States  Panama  Surveying  Expedition. 


RKPORT  OF  PASSED  ASSISTANT  SURGEON  JOHN  F.  BRANSFORD,  U.  S.  N. 

CLIMATE,  HEALTH,  ETC. 

Richmond,  Va.,  December  31, 1875. 

Sir  :  In  obedience  to  your  orders,  I  have  the  honor  to  make  the  following  report : 

The  country  along  the  Panama  Railroad  is  too  well  known  to  require  description.  Lieutenant 
Leutz6’s  party,  which  I  accompanied,  left  the  railroad  at  Matachin  to  run  a  line  up  the  Chagres 
River.  The  country  back  from  the  river  about  a  mile  on  either  side  is  broken  with  hills  of  volcanic 
formation,  occasionally  rising  to  the  dignity  of  mountains.  The  valley  is  alluvial,  with  trap-rock 
and  occasionally  sandstone  cropping  out  in  the  river-banks. 

About  twelve  miles  above  Matachin  a  fossiliferous  sandstone  appears  of  beacth  formation  and 
very  soft.  The  banks  become  abrupt,  and  cliffs  from  50  to  200  feet  high  appear  on  either  side 
alternately,  as  the  current  has  washed  first  one  and  then  the  other  in  its  serpentine  course.  Pro¬ 
ceeding  up  the  river,  this  ro(ik  becomes  less  sandy  as  the  deeper  strata  are  shown,  until  it  is  com¬ 
posed  almost  entirely  of  marine  shells,  becoming  a  fossiliferous  limestone.  Professor  Endlich,  of 
the  Smithsonian  Institution,  was  kind  enough  to  examine  specimens  of  this  rock,  and  pronounced  it 
to  be  of  the  middle  Tertiary  age.  It  underlies  the  volcanic  rocks.  In  some  places  solid  strata  of 
oyster-shells  show  where  the  bivalves  found  rich  sustenance  in  ages  long  gone.  The  river  traverses 
about  twelve  miles  in  finding  its  crooked  way  through  this  range.  Following  it  up  one  day,  I 
suddenly  left  the  hills  and  entered  the  valley  through  w  hich  the  old  road  from  Porto  Bello  passed 
to  Panama,  In  this  valley  is  situated  the  miserable  village  of  San  Juan. 

During  the  latter  half  of  January  and  the  month  of  February  the  climate  on  the  Upper  Chagres 
was  exquisite.  Blue  skies  and  mountain  scenery,  the  swift-running  stream  as  clear  as  crystal,  and 
a  delicious  breeze  conspired  to  make  life  in  the  shade  and  a  grass  hammock  all  that  a  lotus-eater 
could  desire.  The  wild  animals  seemed  to  have  left  the  hill-country  and  migrated  to  the  swamps 
nearer  the  sea.  For,  although  we  heard  much  of  tigers,  none  were  to  be  seen  ;  and  snakes  were 
very  scarce.  I  was  in  the  woods  hunting  most  of  the  time,  and  only  saw  two  or  three  during  the 
month.  There  were  numbers  of  less  formidable  ‘‘varmints,”  tarantulas,  &c.  At  one  of  our  camps 
an  ugly-looking  caterpillar,  covered  with  rows  of  sharp  spines,  got  into  the  breeches  leg  of  one  of 
the  men,  and  made  his  movements  quite  lively  for  a  few  moments.  As  usual,  the  natives  asserted 

mata,^  “it  kills”;  but  a  little  ammonia  applied  and  swallowed  soon  relieved  the  severe  urtica¬ 
ria-like  w  elts  caused  by  its  sting. 

As  elsewhere  in  tropical  America,  ants  swarm  in  every  direction.  I  overturned  an  old  log, 
exposing  the  nest  of  a  colony  of  black  ants.  A  moment  of  confusion,  and  each  pupa  w^as  seized 
by  an  ant  that  started  ott‘  to  save  it  from  the  general  ruin.  I  caught  two  or  three  on  my  macheta 
and  raised  them  more  than  a  foot  from  the  ground.  They  dropped  that  distance,  but  held  fast  to 
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their  treasure.  The  hold  of  one  was  broken  by  the  fall ;  he  shook  himself,  gathered  up  his  burden, 
and  rushed  off. 

There  was  an  abundance  of  fish  in  the  river,  but  the  water  was  too  clear  and  the  fish  too  shy 
for  any  but  the  skill  of  the  natives.  They  were  very  successful  at  night.  While  one  managed  the 
canoe  noiselessly  another  crouched  in  the  bow  with  a  torch  in  one  hand  and  macheta  in  the  other, 
and  as  the  fish  rose  to  the  light  a  quick  stroke  secured  it.  Zavalos  (fish  weighing  three  or  four 
pounds)  swarmed  under  certain  trees,  and  fed  on  the  leaves  as  they  fell  into  the  water.  At  these 
points  the  natives  erected  scaffolds,  to  get  a  proper  elevation,  and  shot  them  in  large  numbers. 
Alligators  were  extremely  rare.  Pigeons,  partridges,  and  curassows  were  plentiful. 

On  the  9th  of  February  I  left  Lieutenant  Leutz6’s  camp,  and  reached  Matachiu  about  9  p.  m. 
Rosa,  our  resident  charge  d'affaires,  prepared  for  me  a  neat  couch  in  her  store,  where  tired  nature’s 
sweet  restorer  had  to  contend  with  the  combined  aromas  of  jerked  beef,  cheese,  and  codfish.  In 
the  wee  small  house  I  was  awakened  by  a  noise  at  a  window  just  over  my  cot.  Prepared  for  a 
garroter  or  oth^r  desperate  character,  I  quietly  waited  until  the  window  opened,  and  a  young 
Spaniard  appeared.  He  was  a  beau  just  from  the  fandango,  and,  with  a  profusion  of  apologies 
for  interrupting  me,  he  crawled  in  and  lit  a  candle.  Taking  advantage  of  the  ox)portunity  to  sur¬ 
vey  the  situation,  I  looked  around.  Mine  hostess  was  sweetly  dreaming  in  a  hammock,  immedi¬ 
ately  beneath  which,  gracefully  reclining,  lay  the  fair  Carolina,  the  beUe  of  the  village.  In  the 
other  end  of  the  room  two  negro  men  were  sleeping.  The  caballero  quietly  stretched  himself  on 
the  counter,  with  a  cake  of  cheese  for  a  pillow,  while  a  bottle  of  gin  in  close  proximity  to  his  nose 
doubtless  suggested  dreams  of  peq)etual  fiestas. 

Arrived  at  Empire  Station  I  found  one  case  of  fever  in  Lieutenant  Colby’s  party ;  and  next  day 
the  old  Jamaica  negro  who  acted  as  cook  hail  a  congestive  chill,  which  baffled  my  best  efforts  and 
took  him  off.  Dr.  Reicker,  of  Panama,  who  has  had  much  experience  on  this  Isthmus,  told  me 
that  the  negroes  sometimes  succumb  in  the  most  helpless  manner  to  attacks  of  no  extraordinary 
severity. 

March  15,  Mr.  Menocal,  Paymaster  Clarke,  and  I  accompanied  Commander  Lull  in  a  small 
schooner  to  the  Rio  Chepo,  about  forty  miles  south  of  Panama.  The  breeze  died  out  late  at  night, 
and  we  flapped  along  in  the  laziest  style,  reaching  the  mouth  of  the  river  at  11  a.  m.  on  the  16th. 
There  was  a  small  village  of  wretched  huts  here;  the  inhabitants  have  no  visible  means  of  sup¬ 
port,  except  the  turtles  and  fish,  which  latter  are  harpooned  in  such  wasteful  abundance,  that  they 
are  fed  to  the  hogs.  One  elegant  large  fish  called  the  Mira  is  particularly  esteemed  for  the  deli¬ 
cacy  and  flavor  of  its  flesh. 

In  the  evening  we  started  up  the  river,  and  again  the  wind  failed  us  about  midnight,  leaving 
us  to  depend  on  the  tide  and  a  couple  of  rude  oars.  Near  the  sea  the  banks  are  veiy  low  and  are 
covered  by  high  tide.  The  lowlands  are  wooded  with  beautiful  mangrove  trees.  There  was  a 
Spanish  colony  settled  here  once,  but  the  deadly  fevers  of  these  swamps  made  such  ravages  the 
first  year  that  the  settlement  had  to  be  abandoned.  The  air  was  saturated  with  the  peculiar  odor 
of  salt-water  swamp  ;  jelly-fish  and  animalcules  of  every  description  being  left  by  every  receding 
tide,  while  the  high  tide  and  muddy  banks  keep  the  river  foul  and  make  it  a  paradise  for  alligators. 
We  saw  between  thirty  and  forty  on  one  mud-bank. 

There  was  a  notable  lack  of  taste  and  art  in  the  construction  of  the  canoes  seen.  Shoveled  at 
each  end,  of  rude  shape  and  workmanship,  they  were  entirely  wanting  in  the  grace  and  symmetry 
of  the  pointed  and  often  painted  canoes  of  the  Chagres. 

About  twenty  mile  from  the  sea  the  country  began  to  be  hilly,  although  the  tide  ran  strong  as 
far  up  as  we  went.  After  spending  two  chilly  nights  on  the  miserable  boat,  toiling  against  unpro- 
pitious  winds  and  tides,  we  cannot  express  our  delight  when  we  reached  Jesus  Maria,  the  estate  of 
Dr.  Kratochvil,  and  our  objective  point.  This  gentleman  owns  what  was  once  a  magnificent  sugar 
estate ;  and  although  it  is  still  princely  in  extent  and  fertility,  the  cultivation  of  the  sugar-cane 
has  been  abandoned,  on  account  of  the  unreliability  of  labor.  Settled  here  in  the  wilderness,  with 
bis  nearest  neighbors  in  Panama,  the  doctor  lives  in  patriarchal  style.  Lounging  around  under  the 
shelter  of  his  ample  roof  may  be  noticed  the  Danish  captain  and  Portuguese  crew  of  his  schooner, 
Indian  hunters,  and  wood-cutters,  domestics,  and  the  aboriginal  maiden  of  the  neighboring  forest. 
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We  found  here,  besides  every  other  luxury’  that  could  contribute  to  comfort  in  this  climate,  a  large 
and  select  library  of  English,  German,  French,  and  Sj)anish  works.  With  such  surroundings,  hos¬ 
pitality  most  cordial,  genuine  Chateau  Lafitte  and  Hennessy  to  make  glad  the  hearts  of  weary 
travelers,  our  satisfaction,  as  we  swung  in  our  hammocks  and  chatted,  may  be  imagined. 

The  doctor  had  a  magniticent  orchard  of  tropical  fruit-trees.  There  were  in  the  greatest  pro¬ 
fusion  cocoa-nuts,  oranges,  lemons,  limes,  papayos,  marahons,  granadillas,  pineapples,  bananas,  &c. 
But  his  especial  hobby  was  a  garden  of  lettuce,  cabbage,  spinach,  tomatoes,  &c.,  with  roses  on  the 
borders.  This  garden  was  watered  every  evening,  and  succeeded  very  well.  The  principal  diffi¬ 
culty  experienced  was  in  pi'eventing  the  destruction  of  the  vegetables  by  insects  and  nocturnal 
animals. 

On  the  18th  I  went  hunting  with  an  old  Indian,  who  took  his  pants  off  as  soon  as  he  got  into 
the  woods,  to  avoid  tearing  them.  He  wore  sandals,  and  seemed  not  in  the  least  afraid  of  snakes.  In 
reply  to  inquiry,  he  said  that  he  had  repeatedly  known  people  to  be  bitten  by  poisonous  snakes,  but 
all  were  saved  by  tying  the  limb  above  the  bite,  bruising  a  plant  called  cordoneilla,  applying  it  to  the 
wound,  and  taking  some  of  the  juice  internally  with  aguadiente  (crude  rum).  The  same  plant  was 
shown  to  me  by  an  old  hunter  in  Nicaragua.  It  was  not  in  flower  either  time,  so  I  did  not  take  a 
specimen.  It  is  a  slender  ])lant,  about  two  feet  high.  After  biting  a  small  piece  of  the  stem  or  leaf, 
a  cool,  tingling,  and  then  a  numb  sensation  is  left  in  the  mouth. 

At  one  of  our  meals  here  a  tapir-steak  was  served  up  with  much  seasoning,  and  proved  a  savory 
dish ;  coarser  than  beef,  and  with  a  game  flavor. 

The  vampires  in  large  numbers  destroy  the  fruit  and  kill  the  sheep  and  horses  by  repeated 
drawing  of  their  blood. 

A  few  years  since  a  young  man  went  down  to  the  river,  as  usual,  for  a  bath  5  while  in  the  shal¬ 
low  water  he  was  seized  by  an  alligator,  and  before  his  companions  could  assist  him  he  was  dragged 
down.  It  is  said  that  after  that  time  the  large  old  alligator  became  a  man-eater,  and  would  follow 
the  canoes,  until  the  Indians  were  afraid  to  go  on  the  river  at  night,  and  organized  a  baud  that 
hunted  the  alligator  until  he  was  killed. 

On  the  27th  of  March  I  went  up  the  Chagres  to  San  Juan.  Natalio,  the  boatman,  standing  in 
the  stern  of  the  canoe,  poled  the  craft  a  distance  of  about  thirty  miles  between  9  a.  m.  and  9  x).  m. 
The  river  was  very  low,  and  frequently  at  the  rapids  Natalio-had  to  get  out  and  x^ish  the  boat 
along.  We  x>assed  a  watermelon-patch  on  the  river  bank.  In  it  was  a  small  rude  cross  of  sticks, 
intended  to  fix  the  evil-eye  ui)on  trespassers;  and  thus  the  melons  were  guarded. 

The  village  of  San  Juan  is  the  most  wretched  that  I  have  seen  in  Central  America.  The  inhab¬ 
itants  are  a  brutal  mixture  of  negro,  Sx)aniard,  and  Indian ;  sullen,  ugly  beggars,  very  different 
from  the  ])ure  Indians  of  the  country.  There  were  said  to  be  about  one  hundred  and  twenty-five 
people  there  ;  and  I  could  not,  out  of  that  population,  on  an  occasion  of  feasting,  get  the  where¬ 
withal  to  make  a  snipper.  There  was  no  bread  in  the  x>lnce;  only  a  few  plantains  and  some  rice. 
The  next  morning  I  managed  to  get  an  old  rooster  for  breakfast. 

The  27th  was  Sabado  de  la  gloria^  and  was  celebrated  with  music  and  dancing.  Just  outside  of 
the  tent  in  which  I  tried  to  sleei)  a  large  drum,  a  small  one,  and  a  dozen  cracked  and  screech¬ 
ing  voices  did  honor  to  the  occasion  by  making  night  hideous.  Natalio,  notwithstanding  his  hard 
day’s  work  and  a  bad  cough,  was  uj)  with  the  music,  i)utting  in  the  extra  touches  with  an  accordion. 

The  only  graceful  thing  noticed  at  San  Juan  was  the  fondness  of  the  women  for  flowers  as 
ornaments.  There,  as  elsewhere  in  Central  America,  the  females  deck  their  hair  with  flowers. 
Many  an  ashy  wench  had  exquisite  camellias  stuck  in  her  wool. 

Returning,  we  reached  Natalie’s  tent  on  the  night  of  the  28th.  Several  men  were  there  hiding 
from  a  detachment  of  soldiers  stationed  at  Matachin.  A  revolution  was  on  the  tapis  and  the  offi¬ 
cers  were  conscribing  without  any  great  show  of  regularity.  In  this  region,  to  save  fowls  from 
wild  animals,  they  are  kept  in  their  owners’  huts  at  night.  Natalie’s  house  had  two  rooms  and  an 
attic.  On  this  occasion  it  was  occux)ied  by  his  wife  and  mother,  several  babies,  twenty  chickens, 
four  roosters,  several  turkeys  and  guinea  chickens,  two  pigeons,  five  birds,  two  ducks,  and  three 
dogs,  besides  Natalio,  myself,  and  the  four  gentlemen  who  did  not  want  to  be  soldiers.  It  struck 
me  that  the  mansion  was  a  little  crowded,  so  I  took  an  inventory. 
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As  the  expedition  reached  Aspinwall  on  the  15th  of  January  and  left  on  the  4th  of  April,  we 
were  only  in  the  country  during  the  dry  season.  It  was  a  remarkably  dry  one,  according  to  the 
accounts  of  the  oldest  inhabitants.  It  was  warm  in  the  sun  during  the  day,  but  the  nights  were 
cool ;  two  blankets  being  usually  required  in  camp.  About  the  20th  of  January  the  parties  sepa¬ 
rated  at  Matachin,  Lieutenant  Leutz6  going  up  the  river  and  Lieutenant  Colby  across  the  divide  to 
Panama.  The  first  lived  in  camp  and  used  mosquito-bars,  the  second  slept  without  bars  in  weU- 
ventilated  station-houses  along  the  railroad,  using  the  second  story.  Within  two  weeks  Lieutenant 
Colby’s  party  began  to  have  fever.  Lieutenant  Leutz4’s  escaped  it,  except  a  chronic  case  of  Lieuten¬ 
ant  Leutz4  himself,  which  was  sequel  to  a  former  attack,  and  of  a  character  entirely  different  from 
the  acute  bilious  attacks  in  Lieutenant  C.’s  party.  I  joined  the  latter  about  the  middle  of  February, 
and  caused  them  to  begin  the  use  of  the  mosquito-bars.  Except  immediately  after,  there  was  only 
one  more  case,  and,  strange  to  say,  no  case  of  return  of  fever ;  a  fact  probably  in  a  measure  due 
to  the  prompt  treatment  of  malaria  with  quinine,  many  cases,  no  doubt,  having  been  staved  off  in  that 
way.  My  experience  in  Nicaragua  and  Panama  convinced  me  that  the  mosquito-bar  is  a  great  protec- 
tiona  gainst  malaria  by  straining  the  air  of  germs  and  moisture,  in  the  same  way  that  cotton  acts  in 
preventing  fermentation  of  matter  protected  by  it.  The  bar  also  protects  from  draughts  and  cold. 
At  6.30  a.  m.,  March  4th,  the  temperature  in  my  bar  was  67 ;  outside  the  bar  in  the  same  room  it  was 
64JO.  Frequently  my  bar  would  be  very  damp  or  saturated  with  moisture,  while  the  bedding 
within  was  perfectly  dry.  A  bar  7  feet  long,  6  feet  high,  and  5  feet  wide  contains  280  feet  of  air, 
a  very  comfortable  amount  to  start  with ;  and  as  all  except  the  bottom  surface  is  exposed,  and  the 
thin  muslin  allows  rapid  diffusion  of  gases  through  its  spaces,  increased  by  the  movement  of  the 
outside  air,  which  was  almost  always  active,  and  by  the  difference  in  temperature,  the  air  was  kept 
in  very  good  condition,  as  shown  by  good  rest  and  absence  of  headache,  &c.,  except  in  cases  where 
the  low  tent  encroached  on  this  space. 

It  is  well  known  that  the  relaxation  in  sleep,  empty  stomach,  and  exposure  to  the  damp  air 
early  morning  predispose  to  malarial  fever.  It  is  a  good  rule  to  take  coffee  before  getting  out  of 
the  mosquito-bar,  and  have  breakfast  as  soon  after  as  possible.  The  coffee  gives  the  germs  a  warm 
reception,  if,  as  some  believe,  they  are  swallowed,  and  the  stimulant  effect  in  arousing  the  nervous 
and  vascular  systems  before  exposure  to  the  damp  morning  air,  whether  it  is  saturated  with  a  poison 
or  organisms  that  make  their  entrance  through  the  lungs  or  stomach,  prepares  the  system  to  resist 
the  evil  influence  more  effectually. 

.  On  the  Atlantic  side  the  greater  freshness  and  coolness  of  the  trade-wind  coming  in  strong 
from  the  sea  increases  the  salubrity  of  this  country  in  the  dry  season. 

The  greater  rainfall  and  larger  number  of  water-courses  contribute  to  equableness  of  tempera¬ 
ture,  while  the  swamps  are  densely  wooded  and  thus  protected. 

On  the  Pacific  slope  the  tides  are  very  high,  leaving  on  the  swamps  over  which  they  rise  ani¬ 
mal  matter  to  add  to  the  deadly  vegetable  effluvia.  This  side  is  warmer,  and  the  slighter  rainfall 
and  wind  tend  to  allow  the  accumulation  of  poison  in  low  situations. 

The  only  fevers  of  any  consequence  experienced  by  us  were  near  the  divide  and  on  the  Pacific 
slope. 

At  Empire  station,  on  the  Atlantic  slope,  about  two  miles  from  the  summit  of  the  divide,  we 
had  several  cases  of  fever.  This  station  is  on  flat  land  near  the  little  river  Obispo.  The  drinking- 
water  here  was  bad,  and  the  weather  warmer  than  in  the  Chagres  Valley. 

From  Empire  we  moved  to  Eio  Grande,  a  station  about  four  miles  from  Panama.  Situated  on 
the  edge  of  a  mangrove  swamp  which  borders  the  Eio  Grande  Eiver,  it  is  the  headquaters  of  the 
famous  Panama”  fever.  During  the  latter  half  of  February  the  wind  was  from  the  mountains  to 
the  north,  but  late  at  night  it  veered  around  to  the  westward  and  brought  up  a  heavy  fog  from  the 
swamps. 

This  is  considered  the  most  unhealthy  place  on  the  line  of  the  survey,  and  our  experience  con¬ 
firms  the  belief.  Dr.  Eeicker,  of  Panama,  says  that  the  fevers  here  in  the  dry  season  are  rarer 
but  more  severe,  sometimes  approaching  the  character  of  yellow  fever ;  whereas  in  the  wet  season 
intermittents  are  common  but  comparatively  mild;  a  fact  due  probably  to  the  greater  concentration 
of  miasma  in  the  dry  season. 

At  Empire  and  Eio  Grande  we  had  four  obstinate  cases,  three  of  remittent  type  and  one  per- 
S.  Ex.  75 - 7 
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nicious  intermittent  of  the  Algid  variety.  The  latter  (the  cook,  a  negro)  died.  One  of  the  others 
took  95  grains  of  quinine  before  cinchonisin  was  produced  and  the  fever  broken.  I  hurried  these 
patients  away  to  Panama  as  soon  as  possible  for  hygienic  reasons. 

The  city  of  Panama  is  built  on  rock,  high  enough  to  be  quite  dry.  It  has  the  strong  currents 
of  the  Pacific  washing  more  than  two  sides,  and  is  protected  from  the  malaria  of  the  Rio  Grande  by 
the  mountain  Ancon,  rising  just  back  of  the  city.  It  is  said  to  be  very  healthy  for  a  tropical  town. 
With  ordinary  police  and  sanitary  provisions  theie  is  no  reason  why  it  should  not  be  so.  It  is 
true  a  considerable  exj)anse  of  bea<*h  is  exposed  to  the  sun  at  low  water,  but  it  is  almost  entirely 
rock,  and  pools  remain  in  which  animals  that  are  left  by  the  tide  may  live  until  it  returns.  Then, 
too,  the  strong  cunents  that  sweej)  the  foot  of  the  rami)arts  back  and  forth  with  every  tide  wash 
away  all  that  is  left  by  the  buzzards,  the  self-appointed  scavengers  of  Panama.  The  foreigners 
resident  here  have  a  healthy  appearance,  and  seem  to  enjoy  life  as  much  as  most  folk. 

Aspiiiwall  has  the  benefit  of  the  strong  trade-wind  during  the  dry  season.  But  in  the  summer 
and  autumn  there  is  an  uncertain  breeze  fi*om  the  swami)S  of  the  Chagres,  and  the  weather  is  hot 
and  sultry  between  showers.  It  is  situated  on  coral  formation,  and  there  are  marshes  on  the  land 
side  which  come  right  up  to  the  town.  There  is  a  salt-water  pond  in  the  heart  of  the  place,  which 
would  be  no  great  disadvantage  but  that  it  serves  as  a  receptacle  for  filth.  This  accumulates  here, 
as  there  is  very  slight  rise  and  fall  of  the  tide,  and  the  current  through  the  one  or  two  culverts 
connecting  the  pond  with  the  sea  is  sufficient  to  change  only  a  portion  of  the  water.  The  place  is 
miserably  dirty,  and  the  inhabitants  have  no  right  to  expect  health. 

The  stations  of  Gatun,  San  Pablo,  and  Matachin  are  well  situated,  and  seemed  healthy.  The 
valley  of  the  Upper  Chagres,  a  w  ell-drained  and  hilly  country,  and  during  the  dry  season  at  least 
is  very  salubrious. 

Very  respectfully, 

JOHN  F.  BRANSFORD, 

•  Passed  Ansistant  Surgeon^  U.  8.  Navy. 

Commander  Edward  P.  Lull,  U.  S.  N., 

Commanding  Exjgedition. 


ON  THE  BATRACHIA  AND  REPTILIA  COLLECTED  BY  DR.  JOHN  F. 
BRANSFORD,  U.  S.  N.,  DURING  THE  PANAMA  CANAL  SURVEY 
OF  1875. 

By  Professor  E.  D  Cope. 

BATRACHIA. 

1.  CcECiiLA  OCHROCKPHALA,  Cope,  Proceed.  Academy  Philada.  1866,  132. 

From  the  Atlantic  side  of  the  Isthmus. 

2.  Micropuryne  pustulosa,  Cope,  Proceed.  Academy  Philada.  1864, 180. 

Bohio  Soldado. 

3.  Bcfo  HiEMATiTicus,  Cope  loc.  cit.  1863,  p.  157. 

Camp  Santa  Margarita. 

4.  Bufo  pleuropterus,  Sclimidt,  Denkschrificn  Wiener  Academic,  18. 

Bohio  Soldado  and  Camp  Santa  Margarita. 

5.  Bufo  agua,  Daudin. 

6.  Hyi^v  el^ochroa,  Cope,  Journal  Philada.  Academy,  1875,  supra,  p.  105. 

!  From  the  Pacific  side. 

7.  Phyllobates  RiDEXS,  Cope,  loc.  cit.  1866,  p.  131. 

8.  Lithodytes  diastema.  Cope,  sp.  nov. 

Approximating  Phyllobates  in  the  slight  development  of  the  vomerine  teeth,  and  further  char¬ 
acterized  by  the  shortness  of  its  feet.  The  former  are  in  two  very  short  transverse  patches  behind 
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and  within  the  line  of  the  middle  of  the  choanse,  and  sepamted  by  an  interspace  as  wide  as  the 
length  of  each.  The  tongue  is  obpyriform,  rounded  and  extensively  free  behind.  The  ostia  pharyn. 
gea  are  minute.  The  memhranum  tympam  is  indistinct,  with  a  diameter  of  less  than  half  that  of  the 
eyesUt.  The  head  is  an  oval  in  outline,  with  narrowly  truncate  and  depressed  muzzle.  The  can- 
thus  is  obtuse,  but  not  concave.  Nares  subterininal ;  diameter  of  orbit  about  equal  length  of  head 
in  front  of  it.  Cranium  above  slightly  convex  in  both  directions. 

The  toes  are  short,  and  the  digital  dilations  are  large  on  all  the  feet.  On  the  anterior  the  first 
toe  is  shorter  than  the  second.  On  the  posterior  the  fifth  is  longer  than  the  third,  and  reaches  the 
base  of  the  penultimate  phalange  of  the  third.  The  muzzle  marks  the  wrist  and  the  middle  of  the 
tibia  of  the  extended  limbs. 

Color  above  dark  brown ;  a  darker  browm  between  the  eyes,  which  is  paler  bordered  anteriorly. 


Below,  pale  brown. 

M. 

Total  length . 0200 

Length  to  axiUa . 0090 

Length  to  tympanum . 0060 

Width  of  head  at  tympanum . 0070 

Length  of  fore  limb . 0115 

Length  of  fore  foot . 0035 

Length  of  hind  Umb  . . .  .  0270 

Length  of  hind  foot . . .  .  0120 

Length  of  tibia . : . 0085 

Length  of  tarsus . . . .  .  0060 


This  species  resembles  the  Lithodytes  habenatus,  Cope  (supra,  p.  109)  in  the  position  of  the  vo¬ 
merine  teeth,  but  differs  much  in  the  form  of  the  feet.  In  that  frog  the  dilatations  are  much  smaller 
and  the  feet  much  longer.  In  the  hind  foot  this  is  chiefly  due  to  the  elongation  of  the  fourth  toe, 
which  exceeds  the  third  and  fifth  by  three  and  a  sixth  phalanges. 

The  Lithodytes  diastema  was  found^iy  Hr.  Bransford  at  the  camp  Margarita,  Panama. 

LACEETILIA. 

9.  CORYTHOPUANES  CRISTATUS,  Merrem. 

Bohio  Soldado. 

10.  Basiuscus  guttulatus,  Cope,  sp.  nov. 

Eepresented  by  a  young  male,  which  displays  a  number  of  remarkable  characters.  The  back 
and  median  line  of  the  tail  support  the  membranous  crest  stretched  between  the  elongate  neural 
spines  as  seen  in  B,  plumifrons^  B,  mitratus^  &c.,  but  the  head-crest,  instead  of  being  covered,  as  in 
those  species,  with  large  thin  scales,  presents  only  small  smooth  scales  like  those  of  the  occipital 
region.  This  crest  is  also  of  smaller  size  than  the  species  named,  only  beginning  to  rise  from  a  line 
connecting  the  tympanic  drums,  although  preceded  by  a  keel  to  near  the  line  of  the  border  of  the 
orbits.  It  is  not  much  elevated,  but  is  prolonged  chiefly  backw  ards,  and  has  a  truncate  posterior 
outline.  Points  in  which  the  species  differs  from  the  B,  cristatns  are,  the  presence  of  two  large 
scuta  bounding  the  rostral  shield  above,  and  the  presence  of  two  large  labials  behind  the  point  of 
junction  with  the  suborbital  ring  of  scales.  There  are  only  ten  rays  to  the  dorsal  fin,  and  fifteen 
to  the  caudal,  the  latter  graduating  imperceptibly  to  the  usual  keel.  Neither  crest  is  bordered  at 
the  margin  with  large  scales.  The  ventral  scales  are  entirely  smooth,  while  the  dorsals  are  smaller 
and  keeled  5  the  lateral  are  smaller  still. 

Color  olivaceous-brown  above,  shaded  with  leaden  on  the  sides ;  yellowish  below.  A  few  black 
spots  at  the  base  of  the  dorsal  crest.  Sides  and  throat  with  small  black  spots.  A  black  band  from 
eye  to  tympanum,  bordered  with  yellow  below^  Hind  legs  and  feet  with  brown  yellow -bordered 


cross-bands. 

M 

Total  length . 455 

Length  to  vent . 125 

Length  to  axilla . 060 

Len^h  to  tympanum . 030 

Length  to  orbit . . 012 

Width  between  orbits . 016 

Length  of  fore  limb . 060 

Len^h  of  hind  limb . 130 

Len^h  of  hind  foot . 063 


From  camp  at  Bohio  Soldado,  Panama. 
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11.  Anolis  trochilus,  Cope,  Proceed.  Academy  Philada.,  1871,  p.  215. 

Bohio  Soldado. 

12.  Anolis  petersii,  Bocourt,  Miss.  Scient.  Mexique,  p.  79. 

Station  19. 

13.  Anolis  capito,  Peters. 

Kio  Frijole. 

14.  Amiva  pr^signis,  Bd.  Gird. 

OPHEDIA. 

15.  Spilotes  corais,  L.  ;  subspecies  melancrus,  Dum.  Bibr. 

16.  Xenodon  angustirostris,  Peters. 

Camp  Santa  Margarita. 

17.  SiBON  ANNULATUM,  Linn. 

From  the  Atlantic  side. 

18.  Teleuraspis  schleqelii,  Berth. 

From  the  Atlantic  side. 

Total  number  of  species  obtained  by  Dr.  Bransford,  eighteen. 
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PREFACE. 


The  first  instrumental  examination  of  the  proposed  route  for  an  interoceanic  ship-canal  by  way 
of  the  Atrato  and  Napipi  Rivers  was  made  by  the  United  States  expedition  of  1871,  under  the  com¬ 
mand  of  Commander  Thomas  O.  Selfridge,  U.  S.  N.  A  more  extended  examination  was  made  by  the 
expedition  of  1873,  under  the  same  commander;  in  both  cases  the  surveys  being  confined  almost 
altogether  to  the  beds  of  streams. 

The  following  pages  contain  a  digest  of  the  results  of  the  actual  survey  of  a  line  from  the 
Atrato  near  the  mouth  of  the  Napipi,  to  the  Pacific  at  Chiri-Chiri  Bay,  made  by  the  United  States 
expedition  of  1875,  with  such  additional  matter  as  has  been  thought  necessary  to  give  a  clear  idea 
of  the  subject  to  those  who  may  uot  have  seen  the  report  of  Commander  Selfridge. 
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Navy  Department, 
Washington^  D.  G.y  December  9,  1874. 

Sir:  You  will  proceed  in  the  steamer  of  the  2d  January,  1875,  from  New  York  to  Aspinwall, 
with  the  officers  who  will  be  ordered  to  report  to  you  for  duty,  with  instruments  and  necessary  stores, 
provisions,  &c.,  for  the  execution  of  these  instructions,  as  far  as  may  be  pra<iticable.  At  Aspinwall 
you  will  And  the  Canandaigua  or  some  other  vessel,  to  whose  commanding  officer  you  will  report 
your  arrival,  and  show  him  these  instructions,  furnishing  him  at  the  same  time  with  a  copy.  He  is 
instructed  by  other  orders  to  proceed  with  yon,  the  paity  under  your  command,  and  the  instru¬ 
ments  and  stores,  on  board  the  Canandagua  or  other  vessel  detailed  for  the  purpose,  to  the  mouth 
of  the  Urabd ;  thence  to  have  conveyed  the  party  under  your  command,  with  instruments  and 
stores,  up  the  Atrato,  in  the  steam-launch,  towing  as  many  cutters  or  boats  as  may  be  necessary  to 
convey  them  to  the  mouth  of  the  Napipi ;  to  leave  you,  your  party,  instruments,  and  stores  jit  any 
desired  point  in  that  vicinity,  and  any  boat  selected  by  you,  otlmr  than  the  steam-launch,  for  your 
use.  He  will  be  further  directed  to  return  to  the  mouth  of  the  Urab4  on  the  15th  day  of  April 
next,  to  which  point  you  will  proceed  as  soon  thereafter  as  the  execution  of  your  instructions^ll 
I)ermit,  or  when  the  rainy  season  shall  put  a  stop  to  further  researches. 

The  objects  you  will  have  in  view^  are  as  follow^s : 

1st.  A  continuous  line  of  levels  over  the  hyimthetical  establishment  of  Commander  Selfridge  of 
the  profile  for  an  interoceanic  canal,  or  in  its  immediate  vicinity,  as  may  attord  the  best  line  ;  the 
accurate  measurement  of  distances  and  record  of  courses:  carefully  marking  by  “blazing”  (scarify¬ 
ing)  trees  the  actual  route  traversed,  and  cutting  upon  the  trees  at  intervals  of  half  a  mile  or  less 
the  elevation  above  some  bench-mark  and  the  number  of  the  tree;  the  bench-mark  to  be  on  the 
Atrato  near  the  mouth  of  the  Napipi. 

2d.  Note  carefully  all  water-courses  crossed  over  on  the  line  of  best  levels  for  a  canal,  the 
probable  quantity  of  water  emptied  within  a  given  time  after  heavy  rains,  and  the  dimensions  of 
the  culverts  necessary  to  meet  all  possible  contingencies  from  floods. 

3d.  Establish  the  exact  position  found  best  suited  for  the  building  of  a  dam  across  the  Napipi; 
its  length  between  hard  grounds  forming  its  terminations ;  its  height  as  found  necessary  to  bank 
up  the  waters  to  any  given  point  above  at  which  it  is  proimsed  to  cross  the  river,  and  a  cai’eful 
examination  to* determine  what  character  of  work  may  be  found  necessary  to  prevent  the  precipita¬ 
tion  into  the  canal-bed  of  the  debris  brought  down  by  floods.  It  is  essential  to  ascertain  also  the 
relation  in  elevation  of  the  present  bed  (bottom)  of  the  Napipi  at  the  proposed  crossing  w  ith  that 
of  the  proposed  canal  at  that  point. 

4th.  The  deep  cuts  to  be  well  defined  by  measurements  of  distances ;  the  point  at  w  hich  the 
proposetl  tunnel  will  begin;  the  distance  in  a  direct  line  through  to  be  ascertained  by  a  series  of 
triangulations,  or,  if  that  may  not  be  practicable,  by  measured  distances,  levels,  and  courses  to 
some  given  point  on  Chiri-Chiri  Bay,  or  wherever  the  Pacific  terminus  may  be  located. 

5th.  The  location  of  the  locks  proposed  in  the  ascent,  and  more  especially  in  the  descent  to  the 
Pacific,  and  the  natural  foundations  for  them  as  fai*  as  can  be  ascertained  by  boring  or  by  any  other 
practicable  means. 
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6th.  Borings  will  be  made  at  intervals  of  a  mile,  and  nearer  when  deemed  advantageons,  over 
the  line  as  located  by  you. 

7th.  As  close  an  estimate  as  possible  of  the  amount  of  water  that  may  pass  over  the  exoss- 
section  of  the  Napipi  where  the  canal  will  be  located,  and  the  velocity  of  the  current  during  the 
heaviest  floods  observed ;  also  careful  observations  of  the  quantity  during  the  dry  season  at  differ¬ 
ent  times. 

8th.  Provide  yourself  with  a  rain-gauge,  and  note  daily  the  rainfall,  and  in  heavy  showers  the 
time  and  amount  of  fall. 

9th.  A  careful  examination  and  inquiry  to  ascertain  where  suitable  clay  for  puddling,  lime  and 
stone  for  construction,  and  other  necessary  material  can  be  obtained. 

10th.  The  original  data  to  be  carefully  preserved  in  relation  to  all  of  the  points  presented. 

11th.  The  close  observance  and  ascertainment,  by  inquiry  or  otherwise,  of  the  amount  of 
weather  yearly  that  would  usually  be  found  available  for  the  construction  of  a  ship-canal,  and  in 
this  connection,  in  brief,  whatever  advantages  or  disadvantages  exist  locally  favoring  or  interfering 
with  the  construction  of  an  interoceanic  ship-canal. 

The  questions  you  go  to  solve  are  plainly  stated  ;  the  manner  of  execution  and  the  arrangements 
for  it  are  left  to  you.  Your  long  experience  on  the  Isthmus  will  enable  you  to  provide  as  far  as 
possible  against  untoward  contingencies,  and  to  avail  yourself  of  the  services  of  the  natives  as  far 
as  they  can  be  made  available. 

Upon  the  completion  of  this  work  by  the  15th  of  April,  or  otherwise  as  soon  thereafter  as  the 
rainy  season  renders  it  necessary,  return  with  your  party  to  the  mouth  of  the  Urab4,  embark  on 
board  of  the  vessel  directed  to  await  your  arrival  and  to  carry  yourself  and  party  to  Asi>inwall, 
where  you  will  make  the  necessary  arrangements  to  return  to  the  United  States  ;  proceed  in  person 
to  Washington  with  such  of  your  party  as  may  properly  be  employed  in  collating  the  information 
obtained,  and  <lire<!t  the  others  to  proceed  home,  report  their  arrival  to,  and  await  orders  from,  the 
Depjirtment. 

Yevy  respectfully,  your  obedient  servant. 


Lieut.  Frederick  Collins, 

United  Stutes  Navy. 


GEO.  M.  ROBESON, 

Secretary  of  the  Yavy. 
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Xavy  Department, 
Washington^  D.  0.,  December  20, 1875. 

Sir  :  I  have  the  honor  to  submit  the  following  report  of  the  operations  of  the  exi>edition 
engaged,  under  the  direction  of  the  Department,  during  the  past  winter,  in  surveying  the  valleys  of 
the  Xapipi  and  Doguado  Rivers,  in  the  State  of  Cauca,  United  States  ol  Colombia,  together  with  a 
discussion  of  the  results  obtained  as  bearing  on  the  question  of  the  practicability  of  constructing 
an  iuteroceanic  ship-canal  in  that  locality. 

Agreeably  to  the  Department’s  special  instructions  of  the  9th  December,  1874,  I  sailed  on  the 
5th  of  January  last  from  Xew  York  for  Aspinwall,  with  the  necessary  instruments,  stores,  &c.,  and 
the  following  officers,  who  had  been  ordered  to  report  to  me  for  duty :  Lieutr  J.  G.  Eaton,  United 
Statos  Xavyj  Lieut.  J.  T.  Sullivan,  United  States  Navy;  Lieut.  S.  C.  Paine,  United  States  Navy; 
Assistant  Surgeon  Ernest  Norfleet,  United  States  Navy. 

On  the  14th  we  arrived  in  Aspinwall.  On  the  18th  the  United  States  steamer  Canandaigua, 
detailed  by  the  Department  to  transport  the  expedition  to  the  Gulf  of  Urabd,  came  in,  and  I 
reported  to  the  commanding  officer,  Capt.  Edward  Barrett. 

On  the  same  day.  Ensign  H.  H.  Barroll  reported  to  me  for  duty,  he  having  been  transferred  to 
the  Canandaigua  for  that  purpose  by  Rear-Admiral  Mullany,  in  accordance  with  telegraphic  orders 
from  the  Department,  prior  to  her  sailing  from  New  Orleans. 

Captain  Barrett  was  remiy  and  anxious  to  proceed  at  once,  but  we  were  unfortunately  detained 
by  the  non-arrival  of  a  box  of  instruments  that  failed  to  come  in  the  steamer  with  the  rest  of  our 
stores,  although  they  had  all  been  landed  on  the  company’s  dock  in  New’  York  four  days  previous 
to  the  day  of  sailing.  This  compelled  us  to  await  the  arrival  of  the  next  steamer.  But  the  time 
was  put  to  good  use  in  carefully  ranging  our  instruments  and  in  practicing  all  hands  in  the  work 
before  us. 

On  the  28th,  everything  being  in  readiness,  we  repaired  on  board  the  Canandaigua,  and  she 
got  under  way  for  the  Gulf  of  Urabd.  At  5.30  p.  in.  on  the  30th  we  came  to  anchor  ott‘  the  Coquito 
mouth  of  the  Atrato.  At  daylight  on  the  following  morning  Lieutenant  Sullivan  and  myself  went 
over  to  the  little  village  of  Turbo,  on  the  eastern  shore  of  the  gulf,  to  arrange  for  the  transiiortatiou 
of  our  mails,  and  also  for  securing  a  quantity  of  the  coal  known  to  exist  in  that  region,  in  order 
that  its  commercial  value  might  be  tested.  At  noon  we  returned  to  the  ship.  During  our  absence 
the  kindness  of  Captain  Barrett  and  his  officers  had  enabled  Lieutenant  Eaton  to  prepare  every¬ 
thing  for  oui*  departure.  All  our  stores  had  lieen  snugly  stowed  away  in  the  launch  and  first 
cotter,  and  the  little  steam-cutter,  with  all  the  coal  she  could  carry,  was  ready  for  towing  us  to  our 
destination,  160  miles  up  the  river ;  a  task  for  which  she  looked  totally  inadequate,  and  her  failure 
was  confidently  predicted  by  all  parties. 

At  1  p.  m.  on  the  30th  of  January  we  shoved  oft* ;  our  party  consisting  of  the  officers  already 
named ;  a  detail  of  five  men  from  the  Canandaigua ;  an  interpreter  and  rodman,  whom  I  had  shipped 
in  Aspinwall ;  and  twelve  men,  under  Master  Richman  and  Assistant  Engineer  Herwig,  to  take  the 
boats  back. 

Oor  trip  up  the  Atrato  was  tiresome  in  the  extreme,  the  boats  being  so  completely  filled  with 
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our  stores  that  little  chance  was  left  for  comfortable  quarters  either  by  night  or  day.  The  little 
steam -cutter  proved,  as  had  been  anticipated,  barely  equal  to  her  task,  and,  with  frequent  stop- 
l)ages  to  clean  fires  and  fix  ui>  generally,  she  was  scarcely  able  to  tow  us  against  the  rapid  current 
at  the  rate  of  three  knots  over  the  ground.  We  had  every  day  for  a  few  hours  favorable  winds, 
and  always  made  sail  when  it  would  draw,  thus  relieving  the  steam-cutter  considerably.  We 
stoj)ped  at  but  one  of  the  three  villages  that  are  to  be  found  on  the  Atrato  below  the  Napipi.  This 
was  at  Sucio,  the  first  of  the  three  to  be  met  in  ascending  the  liver  and  the  most  important.  There 
we  were  well  received  by  the  aU^alde  and  cnstoni-house  officials.  The  alcalde  informed  us  that  he 
had  instructions  from  his  government  to  aflbrd  the  expedition  every  assistance  in  his  power.  I 
expressed  my  appreciation  of  this  kindness,  but  declined  other  assistance  than  a  supply  of  good 
wood  for  the  steam-cutter,  which  w  as  obligingly  furnished  and  proved  very  acceptable.  On  account 
of  the  large  quantities  of  drift-wood  that  were  fioating  down  the  Atrato,  and  the  fact  that  the  steam- 
cutter  (an  old  iron  one)  was  pretty  well  rusted  out,  I  did  not  think  it  prudent  to  run  upstream  after 
dark,  so  we  came  to  anchor  every  evening  just  after  dusk,  getting  under  way  in  the  morning  an 
hour  or  so  before  sunrise.  While  thus  at  anchor  we  made  exj)eriments  with  the  current-meter,  to 
ascertain  the  velocity  of  the  curi'ent  in  the  Atrato.  The  mean  of  our  experiments  showed  a  surface- 
current  of  183.5  feet  per  minute. 

At  5  p.  in.  on  Friday,  February  5,  we  reached  the  mouth  of  the  Napipi,  having  been  under  way 
in  all  about  fifty-nine  hours.  The  next  morning,  accompanied  by  Lieutenant  Sullivan,  I  started 
for  the  village  of  Vejia  del  Fuerte,  about  fifteen  miles  farther  up  the  Atrato,  for  the  purpose  of 
engaging  laborers.  Not  wishing  to  delay  the  boats,  w^e  took  passage  in  a  native  canoe.  Lieutenant 
Eaton  w  as  left  with  directions  to  discharge  all  our  stores  as  quickly  as  possible,  and  turn  the  boats 
o\  er  to  Master  Richman  to  return  to  the  ship. 

In  Vejia  I  found  no  difficulty  in  securing  as  many  laborers  as  I  wished.  I  selected  twelve  of 
the  best,  most  of  whom  had  w-orked  with  us  before.  With  these  I  made  the  follow ing  agreement : 
Each  was  to  receiv-e  $20  per  month  and  $5  in  lieu  of  the  ration  with  which  they  had  been  furnished 
on  the  previous  expeditions.  With  this  sum  they  were  to  subsist  themselves  entirely,  and  the 
patron  was  to  be  responsible  that  they  were  kept  duly  supplied.  In  addition,  I  promised  to  each 
who  should  give  perfect  satisfaction  $5  per  month  extra.  This  was  good  pay,  but  it  gave  us  the 
advantage  of  being  at  all  times  able  to  command  the  best  men  in  the  country,  and  the  moment  one 
gave  cause  of  complaint  he  was  discharged  and  his  place  supplied  by  a  better  man.  We  were  thus 
tmabled  to  keep  them  up  to  their  w^ork  much  better  than  on  former  occasions.  The  arrangement  of 
paying  them  a  certain  sum  with  which  to  subsist  themselves,  instead  of  famishing  them  food  from 
our  own  supplies  as  had  been  done  previously,  worked  admirably.  The  plan  was  suggested  by 
Commander  Selfiidge  as  desirable,  in  order  to  decrease  the  weight  of  supplies  to  be  transported  up 
the  Atrato.  It  not  only  did  this,  but  it  saved  us  no  little  labor  and  annoyance  almost  every  day. 
The  natives  were  better  satisfied  with  the  food  to  which  they  were  accustomed,  and  if  their  supplies 
ran  short  they  could  blame  no  one  but  themselves.  Finally,  the  arrangement  was  an  economical 
one.  Not  only  was  the  expense  of  transporting  a  large  amount  of  provisions  saved,  but  the  original 
cost  of  the  Darien  ration’’  is  from  two  to  three  times  the  amount  paid  in  its  stead.  I  also  engaged 
at  the  same  time  six  canoes,  to  be  paid  for  at  the  rate  of  $5  ])er  month.  I  subsequently  learned 
that  it  would  have  been  cheaper  to  buy  the  canoes  outright,  since  a  good  one  could  have  been  had 
for  about  $15,  and  at  the  end  of  the  survey  could  have  been  sold  back  for  about  half  price. 

On  Sunday  Master  Richman  left^with  the  boats  to  return  to  the  ship. 

On  Monday,  February  8,  we  started  up  the  Napipi  with  what  stores  our  canoes  could  .carry. 
That  night  we  made  camp  on  the  first  northerly  bend  of  the  Napipi,  from  which  point  I  proposed 
commencing  work.  It  was  then  my  intention  to  work  from  this  point  to  the  Atrato,  about  five 
miles  distant  in  a  straight  line,  and  then  to  recommence  at  the  same  point  and  work  westward. 
This  plan,  as  will  presently  be  seen,  circumstances  compelled  me  to  change. 

On  Tuesday,  February  9,  party  No.  2  was  organized  for  carrying  on  this  portion  of  the  work. 
It  consisted  of  Lieut.  J.  G.  Eaton,  commanding.  Ensign  Barroll,  and  Assistant  Surgeon  Norfleet, 
four  seamen,  and  twelve  natives,  with  four  canoes.  Lieutenant  Sullivan  was  at  this  time  engaged 
in  transporting  our  stores  up  the  Napipi,  with  a  gang  of  natives  and  a  sufficient  number  of  canoes 
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engaged  temporarily  for  this  purpose.  It  was  arranged  that  whenever  his  other  duties  permitted 
he  was  to  assist  Lieutenant  Eaton  in  making  reconnaissances. 

Party  ^o.  2  at  once  began  the  work  of  surveying  toward  the  Atrato,  but  before  the  end  of  the 
first  day’s  work  they  struck  such  swampy  ground  as  absolutely  to  prevent  further  advance  in  that 
direction.  It  was  therefore  determined  to  leave  that  portion  of  the  work  till  toward  the  close  of 
the  dry  season,  in  hopes  that  it  might  then  be  found  in  better  condition,  and  to  begin  at  once  sur¬ 
veying  to  the  westward.  This  was  done  on  the  following  day.  On  the  same  day,  accompanied  by  * 
Lieutenant  Paine  and  all  the  members  of  the  expedition  not  otherwise  employed,  I  started  for  the 
junction  of  the  Merindo  and  Napipi,  to  make  the  necessary  surveys  for  the  dam  proposed  for  cross¬ 
ing  the  Kapipi  and  for  developing  the  character  and  extent  of  the  country  that  would  be  thus 
overflowed. 

On  the  evening  of  the  12th  we  arrived,  and  estabbshed  headquarters  in  a  negro  house  situated 
opposite  the  mouth  of  the  Merindo.  The  13th  was  occupied  in  setting  up  and  adjusting  our 
surveying  and  meteorological  instruments.  In  the  afternoon  a  careful  measurement  of  the  cross- 
section  of  the  bed  of  the  Napipi  below  the  junction  was  made,  and  a  series  of  experiments  to  deter¬ 
mine  its  volume  commenced.  In  these  experiments  the  velocity  of  the  current  was  determined  by 
means  of  a  delicate  tachometer. 

From  this  time  till  the  4th  of  March  I  was  occupied  in  making  the  necessary  surveys  and 
reconnaissances  in  connection  with  the  dam  and  basin  and  in  daily  observations  to  solve  the  ques¬ 
tion  of  water  supply.  On  that  day  I  started,  working  eastward  on  the  main  line  of  survey  to  join 
Lieutenant  Eaton,  who  had  all  the  time  been  working  westward. 

I  was  desirous  of  testing  the  practicability  of  running  a  straight  line  from  the  point  of  cross¬ 
ing  the  Napipi  to  the  Atrato.  I  therefore  began  following  the  general  direction  of  the  line  indicated 
by  Commander  Selfridge,  which  line  was  laid  down  on  our  field-maps.  For  the  first  two  days, 
following  this  line,  we  found  fairly  level  country.  We  then  began  to  cross  steep  spurs,  getting  each 
day  higher  and  more  numerous.  As  we  encountered  these  hills,  I  kept  turning  the  line  to  the  south, 
ward,  hoping  to  avoid  them.  I  also  made  what  reconnaissances  time  would  permit  to  the  north¬ 
ward,  but  invariably  found  the  country  worse  in  that  direction.  On  the  9th,  the  country  became 
so  bad  as  to  be  impracticable  for  canal  purposes,  and  it  became  evident  that  the  lowland,  if  any 
existed,  must  be  looked  for  close  to  the  river.  I  therefore  abandoned  the  attempt  to  continue  on 
that  line,  and  on  the  10th  moved  down  river  about  eleven  miles,  and  established  camp  on  the  site 
of  my  old  camp  No.  9  of  the  survey  of  1871.  From  this  point  I  made  another  attempt  to  run  a 
straight  line  to  the  eastward,  but  with  no  better  success  than  before.  As  we  receded  from  the 
river  we  began  to  meet  hills,  which  grew  worse  and  worse  as  we  proceeded.  I  pushed  the  survey 
for  three  days,  and  then,  becoming  fully  convinced  that  to  find  good  ground  the  river  must  be  fol¬ 
lowed  closely,  I  determined  to  join  Lieutenant  Eaton  at  once,  start  him  on  the  swamps,  about 
which  I  was  getting  anxious  as  there  were  signs  of  an  early  setting  in  of  the  wet  season,  and  to 
start  with  the  rest  of  the  force  a  new  line  that  should  follow  the  river  closely,  and  thus  avoid, 
possible,  the  hiUs  encountered  in  such  profusion  in  the  back  country. 

Accordingly,  on  Sunday,  March  14,  I  joined  Lieutenant  Eaton  at  his  camp  No.  4,  which  I  chris¬ 
tened  Camp  Relief.  During  the  month  past  his  party  had  undergone  severe  labor.  He  had  found 
but  little  level  land,  most  of  the  spurs  in  that  part  of  the  country  butting  directly  upon  the  river,  • 
so  that  he  had  found  it  impossible  to  avoid  them  by  turning  either  to  the  north  or  the  south.  The 
work  of  his  party  had  therefore  been  exhausting  and  their  progress  slow.  Their  work,  however^ 
had  been  done  most  thoroughly,  and  with  the  assistance  afforded  by  Lieutenant  Sullivan  he  had 
been  able  to  develop  tlie  topography  along  the  line  of  survey  in  a  most  satisfactory  manner.  Fo 
a  detailed  account  of  his  work  I  would  refer  to  his  report,  marked  A,  in  the  Appendix. 

The  parties  remained  together  at  Camp  Relief  till  Monday,  the  17th;  Lieutenant  Eaton  being 
occupied  in  bringing  the  line  of  survey  up  to  that  point,  and  the  rest  of  the  force  in  reconnoitering 
the  country  ahead,  to  determine  the  best  ground  for  the  line  to  follow. 

On  the  17th  a  new ‘arrangement  of  parties  went  into  effect.  Party  No.  2,  then  consisting  of 
Lieutenant  Eaton,  Ensign  Barroll,  three  seamen,  and  four  natives,  went  down  the  river  to  attempt 
the  survey  of  the  swamps.  Party  No.  1,  consisting  of  myself,  Lieutenants  Sullivan  and  Paine^ 
Assistant  Surgeon  Norfleet,  three  seamen  and  twelv^e  natives,  continued  the  main  line  to  the  west- 
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ward.  By  keeping  close  to  the  river,  it  was  found  possible,  as  I  had  hoped,  to  avoid  in  this  part 
of  the  line  almost  altogether  the  steep  spurs  that  had  so  troubled  us  on  the  way  down.  The  large 
force  now  at  my  disposal  enabled  me  to  have  the  ground  thoroughly  reconnoitered,  and  we  suc¬ 
ceeded  in  keeping  the  line  for  the  most  part  clear  of  the  hills  and  in  level  or  gently  undulating 
ground.  Owing  to  this  cause,  the  extremely  favorable  w^eather,  and  the  masterly  manner  in  which 
the  gradienter  was  handled  by  Lieutenant  Paine,  our  progress  was  rapid,  and  on  the  31st  of  March 
the  survey  was  brought  up  to  headquarters  at  the  junction  of  the  Merindo. 

Party  No.  3  was  now  organized,  to  carry  the  survey  up  the  valley  of  the  Boguado  and  over  the 
divide  to  the  Pacific.  It  consisted  of  Lieut.  J.  T.  Sullivan,  commanding ;  Lieut.  S.  C.  Paine  and 
Assistant  Surgeon  Norfleet ;  two  seamen,  and  six  natives.  I  remained  at  headquarters,  with  one 
seaman,  unfit  for  active  duty,  as  cook,  and  with  the  assistance  of  two  natives,  made  reconnais¬ 
sances,  developing  the  character  of  the  country  in  that  vicinity. 

On  Tuesday,  April  6,  Lieutenant  Eaton  and  party  aiTived  at  headquarters,  having,  after  extraor¬ 
dinary  exertion,  succeeded  in  carrying  a  line  of  survey  through  the  swamps  to  the  Atrato.  The 
appearance  of  this  little  party  was  sufficient  evidence  of  the  hardships  they  had  undergone.  All 
hands  had  been  sick  with  fever,  and  all  but  Ensign  Barroll  and  one  man  were  still  unfit  for  duty. 
The  next  day  Lieutenant  Eaton  was  taken  with  a  relapse  of  the  fever,  and  became  seriously  sick. 
Headquarters  now  presented  the  appearance  of  a  hospital.  Four  out  of  the  seven  members  of  the 
expedition  there  present  were  confined  to  their  cots,  and  two  of  the  others  were  barely  able  to 
be  about.  For  some  days,  therefore,  little  work  was  done.  I  occupied  myself  with  reconnais¬ 
sances,  and  Mr.  Barroll,  unable  to  do  anything  else,  plotted  up  the  charts  and  worked  up  the 
field-books. 

On  the  13th,  Mr.  Barroll  and  two  of  the  men,  having  sufficiently  recovered,  began  a  survey 
toward  the  river  Cuia,  for  the  purpose  of  obtaining  data  for  the  aqueduct  to  bring  the  waters  ot 
that  stream  to  the  summit-level  of  the  canal.  On  the  20th,  this  survey  having  advanced  about 
half-way  to  the  Cuia,  I  established  a  camp  on  the  brook  Cuita,  and  took  charge  of  the  remainder 
of  the  work,  with  Mr.  Barroll,  two  seamen,  and  four  natives.  No  sooner  had  I  commenced  work 
than  the  seaman  acting  as  rodman  became  so  seriously  sick  that  I  feared  for  his  life,  and  our  little 
party  seemed  ettectually  crippled.  At  this  juncture  Mr.  Barroll,  always  ready  for  hard  work,  vol¬ 
unteered  to  do  double  duty  as  recorder  and  rodman,  and  in  this  way,  wading  waist-deep  in  water 
all  day,  and  with  torrential  rains  every  night  (though  fortunately  our  little  hut  of  leaves  did  not 
leak  badly),  the  survey  was  pushed  till  the  25th,  when  sufficient  data  for  our  purpose  had  been 
acquired,  and  we  returned  to  headquarters.  Here  I  found  dispatches  from  Lieutenant  Sullivan, 
reporting  the  progress  of  his  work.  His  party  had  had  a  severe  experience  in  carrying  the  survey 
up  the  rugged  valley  of  theDoguado.  In  accordance  with  instinictions,  he  had  kept  the  line  on  the 
right  bank  till  a  height  at  which  it  was  supposed  tunneling  would  have  to  be  resorted  to  had  been 
attained.  To  facilitate  the]  progress  of  the  survey,  the  line  had  then  been  carried  to  the  bed  of  the 
river,  and  up  the  bed  till  opposite  Chiri-Chiri  Bay.  There  he  had  crossed  the  divide  at  an  altitude 
of  778  feet,  and  at  the  time  of  writing  he  expected  to  connect  with  the  bench-mark  of  1873  on 
the  Pacific  beach,  on  the  26th.  A  full  account  of  his  proceedings  will  be  found  in  the  Appendix^ 
marked  B. 

On  the  28th,  I  went  with  Lieutenant  Eaton  to  the  point  where  Lieutenant  Sullivan’s  line  joined 
the  bed  of  the  Boguado.  I  found  that  his  line  had  been  carried  farther  from  the  river  than  I  had 
supposed,  the  error  arising  from  a  combination  of  several  causes,  but  through  no  fault  on  the  part 
of  Lieutenant  Sullivan,  and  that  further  surveys  would  be  necessary  to  determine  with  precision 
the  best  line  for  the  canal  to  follow  to  the  tunneling-i)oint.  At  this  time  I  supposed  that  we  had 
still  two  weeks  left  for  work,  as  I  had  received  on  the  8th  of  April  a  communication  from  the 
Bepartment  stating  that,  in  accordance  with  my  suggestion,  the  orders  to  the  commanding  officer  of 
the  Canandaigua  had  been  so  changed  as  to  delay  her  arrival  in  the  Gulf  of  Urabji  till  the  15th  of 
May.  Acting  on  this  supposition,  I  w  as  on  the  jmint  of  dispatching  directions  to  Lieutenant  SuL 
livan  to  stop  on  his  return  and  make  additional  surveys  in  the  valley  oT  the  Boguado,  when,  to 
my  surprise.  Master  Richman  arrived  at  headquarters  re[)orting  the  Canandaigua’s  boats  awaiting 
us  at  the  mouth  of  the  Napipi. 

It  appeared  that  Captain  Barrett  had  received  neither  the  communications  from  the  Bepartment 
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nor  the  letters  I  had  sent  him,  and  had  therefore  proceeded  to  the  Gulf  of  Ilrabd,  in  accordance 
with  his  original  orders,  on  the  15th  of  April.  Unfortunately,  also,  the  shij)  was  nearly  out  of 
brea4l,  and  the  instructions  to  Master  Richman  were  to  wait  but  five  days,  two  of  which  he  had 
already  consumed  in  reaching  us  after  leaving  the  mouth  of  the  Napipi.  I  at  first  thought  I  should 
be  compelled  to  let  him  return  without  us ;  but,  upon  reflection,  I  concluded  that  it  would  not  be 
the  part  of  prudence  to  do  so.  I  knew  that  by  that  time  Mr.  Sullivan  must  have  connected  his 
line,  and  that  the  main  labors  of  the  sim-ey  were  finished.  Our  provisions  were  nearly  exhausted; 
the  wet  sea^n  was  setting  in ;  many  of  the  party  were  sick ;  all  were  showing  more  or  less  the 
effects  of  our  long  siege,  and  our  natives  were  tired  of  the  work,  discontented,  and  anxious  to  return* 
to  their  homes.  Under  these  circumstances  I  did  not  think  it  right  either  to  continue  the  exposure 
of  the  party  for  an  indefinite  period  or  to  put  the  Department  to  the  expense  of  sending  twice  for 
ns,  simply  for  the  purpose  of  putting  the  survey  fn  a  little  more  satisfactory  shape. 

Instead,  therefore,  of  the  letter  directing  Lieutenant  Sullivan  to  stop  when  on  his  return  for 
further  work,  I  wrote  him  to  cease  work  at  once  on  the  receipt  of  the  order,  to  abandon  everything 
not  valuable  or  actually  necessary,  and  to  return  with  all  dispatch  to  headquarters.  This  order  I 
dispatched  that  night  at  ten  o’clock  by  two  native  messengers,  promising  them  a  handsome  bonus 
if  they  would  put  it  in  Lieutenant  Sullivan’s  hands  within  twenty -four  hours. 

The  next  morning,  the  29th,  I  started  with  Ensign  Barroll  and  four  men  to  employ  whatever 
time  might  be  left  in  getting  additional  data  concerning  the  valley  of  the  Doguado.  Lieutenant 
Eaton  was  left  at  headquarters  to  prepare  everything  for  starting  down  river  as  soon  as  Lieutenant 
Sullivan  should  arrive. 

At  3  p.  m.  on  the  30th  a  messenger  reached  me  from  Lieutenant  Sullivan,  saying  that  he  had 
reached  my  camp  on  his  way  down.  I  therefore  returned  at  once,  and  that  night  all  hands  were 
together  at  headquarters. 

On  the  morning  of  May  1  we  started  for  the  mouth  of  the  Napipi,  which  we  reached  at  10  a.  m. 
on  the  2d.  I  immediately  proceeded  to  Vejia  del  Fuerte  to  pay  off  the  natives  and  settle  outstand¬ 
ing  bills,  and,  this  accomplished,  returned  to  the  mouth  of  the  Napipi,  ready  for  a  start  down  the 
Atrato. 

Accordingly,  at  daylight  on  the  morning  of  the  3d  we  began  our  journey  down  that  river. 
The  steam-cutter  worked  even  worse  than  when  towing  us  up,  but  with  the  powerful  current  in  our 
favor  we  made  good  progress,  and  at  eight  o’clock  on  the  morning  of  the  5th  we  wei*e  once  more 
on  board  the  Canandaigua.  Lieutenant  Sullivan’s  time — five  days — from  the  Pacific  to  the  Gulf  of 
Urab4  is,  I  have  no  doubt,  the  quickest  on  record. 

While  the  Canandaigua  was  getting  up  steam  I  went  with  Lieutenant  Sullivan  to  Turbo  to  settle 
bills  and  get  the  specimens  of  coal  we  had  ordered.  Much  to  our  disappointment  (but  not  surprise, 
knowing  the  character  of  the  people),  no  attempt  had  been  made  to  fulfill  this  contract,  and,  as  we 
could  spare  no  ftirther  time,  we  were  obliged  to  come  oft*  without  tlie  coal. 

At  noon  of  the  same  day  the  Canandaigua  steamed  out  of  the  Gulf  of  Urabd,  and  on  the  7th 
came  to  anchor  off  Aspinwall. 

On  the  16th  we  sailed  in  the  Pacific  mail-steamship  Acapulco  for  New  York,  arriving  on  the 
25th;  when,  in  accordance  with  my  instructions,  I  ordered  the  officers  to  proceed  to  their  homes 
and  report  by  letter  to  the  Department. 

On  the  27th  I  reported  in  person  the  return  of  the  expedition,  and  on  the  3l8t  w  as  detached 
from  the  command  and  ordered  to  special  duty  in  connection  with  the  preparation  of  the  data 
obtained. 

On  consulting  with  Commodore  Ammen,  Chief  of  the  Bureau  of  Navigation,  as  to  the  best  form 
in  which  to  present  the  information  acquired  by  the  expedition,  it  was  thought  preferable  to  pre¬ 
pare  estimates  of  the  amount  of  work  that  the  construction  of  a  canal  by  this  route  would  involve ; 
and,  for  the  purpose  of  comparison,  to  calculate  from  these  estimates  its  probable  cost,  allowing 
the  prices  that  had  already  been  allowed  for  similar  proposed  work  elsew  here. 

I  have,  therefore,  the  honor  to  present  herewith  such  estimates,  with  a  detailed  dcvscription  of 
the  works  supposed  to  be  necessary  to  the  successfid  operation  of  a  ship-canal  in  that  locality. 
With  reference  to  the  plans  presented,  I  would  say  that  they  are  designed  simply  to  present  in  a 
more  intelligible  form  than  could  otherwise  be  done  the  character  of  this  proposed  canal-route.  In 
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regard  to  details,  such  as  best  form  and  dimensions  for  canal-prism  in  rock  and  earth,  and  for  a 
tunnel  of  the  magnitude  of  the  one  here  proposed,  it  is  fully  recognized  that  these  are  open  ques¬ 
tions.  Those  that  have  been  adopted  as  the  basis  for  these  estimates  (which  are  substantially  the 
same  as  those  proposed  by  Commander  Lull  for  the  Panama  route)  are  believed  to  be,  all  things  con¬ 
sidered,  the  best  adapted  to  the  required  conditions,  and  to  afford  a  fair  idea  of  the  work  that  would 
be  required  in  actual  practice,  as  nearly  as  that  may  be  done  with  the  limited  data  at  hand. 

As  for  cost,  it  has  already  been  remarked  that  the  prices  here  allowed  are  the  same  as  have 
been  allowed  at  Nicaragua  and  Panama.  It  is  altogether  likely  that  some  of  these  are  insufficient. 
As  an  offset  to  this,  it  should  be  remembered  that  a  more  detailed  survey  would,  without  doubt, 
result  in  the  amelioration  of  some  of  the  unfavorable  conditions  that  have  entered  into  the  accom¬ 
panying  estimates. 

The  general  plan  which  has  been  followed  is  fliat  proposed  by  Commander  T.  O.  SelMdge.  It 
is  to  follow  the  left  bank  of  the  Napipi  to  its  junction  with  the  Doguado ;  there  to  cross  by  means 
of  a  dam  of  sufficient  height,  and  then  to  follow  the  right  bank  of  the  Doguado  till  the  cutting 
becomes  so  deep  as  to  require  tunneling;  then  to  pass  under  the  dividing  ridge  by  means  of  a 
tunnel,  coming  out  in  the  valley  of  the  Chiri-Chiri  River,  in  which  are  to  be  situated  the  locks 
necessary  to  descend  to  the  Pacific  Ocean  at  Chiri-Chiri  Bay. 

In  treating  of  the  proposed  work,  I  have,  for  convenience  of  reference,  divided  my  remarks  into 
twelve  heads  to  correspond  with  the  paragraphs  of  my  instructions,  as  follows : 

I.  General  description  of  the  country  along  the  proposed  line;  description  of  the  proposed 
work ;  manner  of  conducting  the  survey. 

II.  Culverts  and  works  to  protect  the  line  from  floods. 

III.  The  dam  and  basin  for  crossing  the  Napipi. 

lY,  The  tunnel  and  pointing-basin. 

V.  Locks. 

VI.  Characteristics  of  soil,  &c. 

YII.  Water-supply  and  aqueduct  from  Rio  Cuia. 

VIII.  Meteorology  and  climate. 

IX.  Materials  for  construction. 

X.  Harbors. 

XI.  Local  advantages  and  disadvantages ;  general  remarks. 

XII.  Synopsis  of  estimates. 


SECTION  1. 

GENERAL  DESCRIPTION  OF  THE  COI^NTKY  IN  WHICH  THE  PROPOSED  LINE  IS  SITUATED;  MANNER 
OF  CONDUCTING  THE  SURVEY ;  DESCRIPTION  OF  THE  PROPOSED  CANAL. 

The  proposed  canal-route  now  under  consideration  lies  within  the  territory  of  the  State  of  Cauca, 
one  of  the  United  States  of  Colombia.  The  area  of  this  State  is  about  68,300  square  miles,  and  it 
is  divided  into  four  cantons :  Buenaventura,  Pasto,  Popayan,  and  Choco.  The  last  of  these  occu¬ 
pies  the  extreme  northwestern  portion  of  South  America,  contiguous  to  the  Isthmus,  and  within 
its  limits  lies  the  Napipi  canal-route. 


PHYSICAL  FEATURES. 

The  topography  of  this  portion  of  South  America  does  not  appear  to  be  generally  understood. 
It  is  commonly  supposed  that  the  Andes  are  continuous  with  the  Cordilleras  of  the  Isthmus.  But 
the  Andes  proper  leave  the  Pacific  coast  at  about  the  third  parallel  of  north  latitude,  and,  divid¬ 
ing  into  three  branches,  terminate  on  the  southern  shores  of  the  Caribbean  sea.  The  Cordilleras 
of  the  Isthmus  sweep  to  the  westward  iu  the  vicinity  of  the  eighth  parallel  of  north  latitude,  and 
.  extend  along  the  Pacific  coast  in  Choco  as  a  range  of  comparatively  low  hills.  The  space  inclosed 
between  these  hiUs  and  the  westernmost  range  of  the  Andes,  known  as  the  Antioquian  Mountains, 
affords  a  double  water  shed ;  one  drained  to  the  southward  into  the  Pacific  by  the  San  Juan  River, 
the  other  to  the  northward  into  the  Atlantic  by  the  Atrato.  The  Atrato,  which  plays  so  conspic- 
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H0U8  a  part  in  the  canal  scheme  now  under  consideration,  rises  in  about  6°  20'  north.  It  flows  in  a 
northerly  direction  parallel  to  the  Pacific  coast,  and  empties  into  the  Gulf  of  Urab^  through  a 
delta  comprising  thirteen  mouths. 

The  mouths  of  the  Atrato  are  at  present  obstructed  by  a  bar  on  which  there  is  only  about  4 
feet  of  water.  But  within  this  bar  the  channel  is  broad  and  clear,  and,  as  far  as  the  confluence 
of  the  Napipi,  not  less  than  28  feet  deep  in  any  part  at  the  lowest  stage  of  the  river.  It  was  sur¬ 
veyed  as  far  as  the  Napipi  by  Commander  Lull  in  1871,  and  in  1873  Commander  Selfridge  continued 
the  survey  as  fai-  as  Quibdo.  Above  the  Napipi  it  was  found  to  shoal  considerably,  but  six  feet  may 
be  carried  as  far  as  Quibdo  at  the  lowest  stage  of  the  river.  Throughout  this  distance  the  Atrato 
is  tnily  a  magnificent  river.  Its  valley  was  evidently  once  an  arm  of  the  sea,  that  has  been  grad¬ 
ually  filled  up  by  the  denudation  of  the  hills  on  either  side,  and  by  the  decay  of  the  vast  masses  of 
vegetable  matter  that  yearly  spring  up  and  thrive  in  rank  luxuriance  under  the  favoring  influence 
of  copious  rains  and  a  vertical  sun.  In  the  lower  portion  of  the  valley  this  process  is  still  going  on, 
and  there  are  vast  swamps  extending  for  miles  upon  each  side  of  the  main  channel,  filled  with  the 
coarse  camalote  grass  growing  in  many  places  so  thickly  as  to  prevent  the  passage  of  boats,  and 
presenting  the  appearance  of  an  immense  meadow;  yet  underneath  a  deep  strong  current  sets 
steadily  seaward. 

It  is  not,  indeed,  before  reaching  the  village  of  Sucio,  some  sixty  miles  from  its  mouth,  that 
firm  banks  will  be  found  to  the  Atrato  ;  but  beyond  that  point  they  extend  in  unvarying  monotony 
10  to  15  feet  high,  and  with  hardly  a  hill  or  sign  of  high  land  in  any  part.  On  both  sides  of  the  river  a 
level  countiy  stretches  back  for  some  miles.  Near  the  river  this  coimtry  is  frequently  inundated 
during  the  wet  seasons,  and  it  is  in  consequence  filled  with  swamps  and  cienegas.  As  it  recedes 
from  the  river,  the  ground  becomes  higher  and  breaks  up  into  hills.  The  firm  ground  is  every¬ 
where  covered  with  an  unbroken  forest,  filled  w  ith  prex^ious  woods  suitable  for  the  builder  and  the 
cabinet-maker,  and  with  rubber-trees  and  valuable  dye-woods  of  various  sorts. 

All  our  observations  agi'ee  in  showing  the  physictil  features  of  this  coimtry  to  be  wonderfully 
systematic.  From  the  main  divide”  between  the  valley  of  the  Atrato  and  the  Pacific,  which  skirts 
closely  the  shore  of  that  ocean,  come  down  to  the  eastward  long  spurs  or  ridges,  which  form  the 
divides  between  the  various  westerly  tributaries  to  the  Atrato.  These  ridges  send  off  smaller  spurs 
to  the  northward  and  the  southward,  and  these  divide  again  and  again,  till  the  whole  country  is 
overspread  with  ranges  of  hills  running  the  one  into  the  other  like  the  veins  on  a  leaf.  A  detached 
hiU  is  rarely  to  be  met.  These  ridges  have  usually  very  narrow  crests,  and  their  sides  descend 
abruptly,  often  precipitously.  Their  crests,  rising  and  falling  with  gentle  slopes,  always  afford 
good  ground  for  walking.  They  are,  therefore,  used  by  the  natives  for  their  roads  or  trails  almost 
exclusively,  they  having  long  ago  learned  that  the  longer  way  around,  with  a  good  road,  is  a  surer 
way  home  than  the  shorter,  which,  cutting  across  the  ridges,  presents  a  succession  of  steep  and 
8hpi)ery  hill  sides. 

Immediately  along  the  line  of  survey  the  coimtry  naturally  divides  itself  into  four  sections  as 
regards  its  topographical  characteristics.  First,  there  exists  from  the  banks  of- the  Atrato  for  some 
five  miles  to  the  westward  a  flat  sw^ampy  region  of  a  lower  average  level  than  the  banks  of  the 
adjacent  streams.  During  the  wet  months  this  region  is  frequently  inundated  to  a  considerable 
depth.  During  the  dry  8ea.sons  its  more  elevated  portions  become  sufficiently  firm  to  be  passable, 
but  those  of  a  lower  level  always  remain  open-water  swamps  or  miry  morasses.  This  portion  of  the 
route  is  in  fact  the  delta  of  the  Napipi,  since  it  is  bounded  to  the  northward  and  westward  by  a 
second  mouth  of  that  river,  called  the  Braso  Muriel,  while  a  third,  the  Palmerito,  flows  through  its 
central  part.  It  includes  in  the  portion  near  the  Atrato  several  large  ciemgasj  or  lagoons,  which 
during  the  wet  season  are  lakes  with  an  average  depth  of  five  to  six  feet  of  w  ater,  but  which 
become  more  or  less  dried  up  as  the  rains  lessen.  These  cienegas  at  one  time  threatened  to  put  a 
stop  to  our  surveys  of  that  portion,  but  by  the  indefatigable  exertions  of  Lieutenant  Eaton  an  isth¬ 
mus,  or  natural  causeway,  as  he  terms  it,  was  discovered,  which  was  of  sufficient  firmness  to  permit 
the  passage  of  his  party.  For  an  admirable  description  of  this  dismal  portion  of  our  route  sind  of 
the  difficulties  encountered  in  surveying  it,  I  would  refer  again  to  Lieutenant  Eaton’s  report  in  the 
Appendix. 

But  one  hill  was  discovered  in  this  portion  of  the  route,  and  that  a  small  one  near  its  center. 
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It  is  doubtless  an  upheaval  of  the  underlying  rock,  against  which  and  around  which  the  debris 
brought  down  by  the  river  has  accumulated  to  form  the  delta. 

The  vegetation  of  this  section  is  peculiar.  Away  from  the  banks  of  the  streams  there  are  com¬ 
paratively  few  trees,  and  they  principally  the  quita  sol  palms,  covered  with  long  sharp  thorns,  and 
affording  little  shade.  The  ground  is  covered  with  coarse  swamp  and  hummock  grass,  that,  with  its 
saw  like  edges,  cuts  like  a  knife. 

Some  miles  of  river  navigation  might  be  saved  by  turning  the  canal-line  to  the  northeastward 
through  this  section,  ns  is  represented  by  the  broken  lines  on  the  accompanying  map  (Plate  II). 
But  I  had  no  time  to  go  actually  over  the  ground,  even  if  that  had  been  found  possible,  and  in  pro¬ 
jecting  a  ine  upon  which  to  found  estimates  deemed  it  necessary  to  follow  the  actual  line  of  survey 
as  closely  as  possible. 

The  second  topographical  section  extends  from  the  Braso  Muriel  to  the  hills  in  curve  No.  8,  a 
distance  of  about  six  miles.  This  section  is  characterized  by  the  extension  of  the  spurs  of  the  divide 
between  the  Opogado  and  Napipi  Rivers  to  the  very  banks  of  the  latter,  rendering  it  necessary  to 
cross  them  continually  with  the  line  of  survey.  Extended  reconnaissances  were  made  to  determine 
the  practicability  of  flanking  these  hills  by  a  detour  to  the  northward,  but  in  almost  every  case 
they  were  found  to  increase  in  height  as  they  receded  from  the  river,  proving  to  be  parts  of  the 
system  just  described  rather  than  detached  hills  that  might  have  been  flanked.  When,  therefore, 
these  hills  butted  on  the  river,  there  was  no  course  left  but  to  cross  them.  Some  could,  doubtless, 
have  been  crossed  more  favorably  than  they  were,  as  our  limited  time  and  small  force  did  not  ena¬ 
ble  us  to  be  always  sure  that  w^e  were  on  the  best  ground. 

In  laying  down  the  canal-line  after  the  flcld-work  had  been  plotted  it  was  found  that,  by  divert¬ 
ing  the  Xapipi  in  some  of  its  sharp  northern  bends  and  carrying  the  canal-line  to  the  southward, 
a  number  of  these  hills  could  be  avoided.  The  line  was,  therefore,  laid  down  in  that  manner,  and 
the  accompanying  profile  shows  it  as  thus  Jimended.  Ample  allowances  have  been  made  where  the 
canal-line  thus  deviates  from  the  line  of  survey,  so  that  no  donbt  can  exist  that  the  reality  is,  if 
anything,  more  favorable  than  the  representation. 

The  third  topographical  section  extends  from  the  western  limit  of  the  second  to  the  point  where 
the  proposed  canal  is  to  cross  the  Napipi  River,  near  the  junction  of  the  Merindo  and  Doguado. 
In  this  section  the  spurs  or  ridges  extend  but  rarely  to  the  river-banks,  so  that  by  keeping  the  line 
well  down  to  the  southward  it  was  found  possible  to  avoid  them.  Our  profile,  therefore,  of  this 
section  shows  level  or  gently  undulating  ground,  with  no  elevations  of  any  considerable  magnitude. 

The  fourth  topographical  section  extends  from  the  point  of  crossing  the  Napipi  to  the  Pacific 
coast.  It  is  characterized  by  being  extremely  broken  and  by  the  great  height  of  its  ridges  as  com¬ 
pared  with  those  of  other  sections. 

For  the  first  five  miles  of  this  section  the  line  of  survey  followed  the  right  bank  of  the  Doguado. 
The  line  was  then  carried  to  the  river-bed  to  facilitate  the  progress  of  the  survey.  It  held  the  bed 
of  the  river  until  opposite  Chiri-Chin  Bay,  when  it  struck  across  the  main  divide  and  descended  to 
the  Pacific  coast  on  a  spur  on  the  left  bank  of  the  Chiri  Ohiri  River.  The  dividing  ridge  was  crossed 
at  a  height  of  778  feet,  the  crest  of  the  ridge  being  but  about  4,000  feet  in  direct  horizontal  distance 
from  the  beach. 

The  distance  between  the  Doguado  and  Merindo  Rivers  is  so  small  and  the  divide  between 
them  is  so  high,  that  its  spurs  extend  almost  invariably  directly  to  the  river-banks.  It  is  therefore 
impossible  to  carry  a  line  of  survey  anywhere  up  that  valley,  unless  in  the  river-bed,  without 
crossing  these  spurs  continually.  Of  course  the  nearer  the  line  is  to  the  river  the  less,  as  a  rule, 
will  be  the  elevation  at  which  they  must  be  crossed. 

My  instructions  to  Lieutenapt  Sullivan,  who  commanded  the  party  running  this  portion  of  the 
line,  were  to  keep  the  survey  well  down  toward  the  river,  so  as  to  secure  the  best  ground.  This 
was  done  as  well  a«  the  circumstances  of  the  case  and  the  state  of  our  knowledge  at  the  time  would 
allow.  But  upon  obtaining  subsequently  a  correct  plot  of  his  survey  and  of  a  traverse  by  myself 
up  the  bed  of  the  river,  it  was  found  that  the  line  was  farther  from  the  river  than  we  had  sup¬ 
posed.  The  difference  was  that  of  a  few  hundred  feet  only ;  but  on  those  steep  hill-sides  a  few 
hundred  feet  only  are  required  to  make  a  most  important  difference  in  elevation. 

It  became  evident,  therefore,  that  our  survey  in  this  part  could  not  be  accepted  as  showing 
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the  best  line  for  a  canal.  Under  these  circnrastances,  ha\ing  a  survey  of  the  river  made  with  the 
same  care  as  that  of  the  main  line,  I  projected  the  canal-line  as  close  to  the  river  as  possible  without 
introducing  any  curve  of  a  less  radius  than  2,500  feet,  and  then  approximated  the  elevation  of  its 
various  points  by  adding  to  the  elevation  of  the  river-bed  the  observed  height  of  the  banks,  and 
to  this  a  part  of  the  difference  between  it  and  the  elevation  of  the  corresponding  point  on  the  main 
line  proportioned  to  its  distance  from  that  line. 

That  part,  then,  of  our  profile  included  between  the  basin  and  the  eastern  portal  of  the  tunnel 
must  be  regarded  as,  to  a  certain  extent,  hypothetical.  But  when  it  is  considered  that  the  pro¬ 
jected  line  lies  between  two  surveyed  lines  rarely  more  than  1,000  feet  apart,  and  that  most  liberal 
allowances  have  been  made  to  make  sure  of  being  on  the  safe  side,  I  think  there  can  be  no  doubt 
that  our  profile  is,  if  anything,  less  favorable  than  the  reality. 

INHABITANTS. 

The  inhabitants  of  Choco  may  be  divided  into  three  principal  classes,  viz :  Spanish  whites, 
negroes,  and  Indians.  Each  of  these  races  has  many  pure-blooded  representatives,  and,  in  addition, 
there  is  a  large  nondescript  class,  arising  from  the  repeated  crossings  of  the  three.  The  whites, 
though  by  far  the  least  numerous,  form,  by  virtue  of  their  superior  education  and  intelligence,  the 
ruling  class.  The  negroes  form  the  bulk  of  the  population,  for  the  greater  pait  of  Choco  is  low, 
and  in  the  tierras  calientes  the  negro  fiourishes  as  on  his  native  soil.  Those  found  in  Choco  are,  of 
course,  the  descendants  of  slaves  imported  from  Africa  when  the  country  was  under  the  rule  of 
Spain.  They  live  principally  along  the  banks  of  the  Atrato  or  near  the  mouths  of  its  tributaries, 
where  they  cultivate  in  their  lazy  way  bananas,  plantains,  sugar-cane,  bread-fruit,  and  Indian 
com.  These  the  rich  soil  produces  almost  spontaneously,  but  the  negroes  are  so  little  inclined  to 
exertion  as  to  raise  barely  enough  to  keep  them  from  starvation,  and  they  would  frequently  suffer 
for  food  were  it  not  for  the  fish  that  abound  in  the  Atrato.  Their  condition  is  but  little  superior 
to  that  of  the  Indians,  but  they  are  of  a  more  social  disposition,  and  congregate  in  little  villages, 
where  their  mode  of  life  exhibits  a  most  incongruous  jumble  of  Spanish,  African,  and  Indian  cus¬ 
toms.  As  a  race,  the  men  are  tall,  well-built,  and  muscular.  The  women  also,  when  young,  are 
well  formed  and  comely  after  their  fashion  j  but  they  develop  early,  marry  young,  and,  as  a  con¬ 
sequence,  at  thirty-five  or  forty  become  wrinkled,  toothless,  horrible  hags.  They  are  nominally 
converts  to  Catholicism,  and  designate  themselves  as  Ghristianosj  in  contradistinction  to  the 
Indians,  whom  they  regard  as  Pagans.  They  are  of  a  good-natured,  happy-go-lucky  disposition, 
little  given  to  quarreling,  and  serious  crime  is  almost  unknown  among  them.  Like  most  people  of 
their  class,  they  are  suspicious  of  strangers,  and  considerable  tact  is  required  in  thefr  management; 
but  when  once  their  confidence  is  gained  they  are  docile  and  tractable,  and  perform  their  allotted 
tasks  with  alacrity  and  cheerfulness.  They  possess  great  skill  in  wqod-craft  and  in  the  manage¬ 
ment  of  their  canoes,  and  should  this  canal-route  be  adopted,  their  services  during  the  necessary 
surveys  and  in  clearing  the  country  along  the  line  would  be  invaluable.  As  laborers  on  the  canal- 
works,  I  think  little  could  be  expected  of  them. 

The  most  interesting  class  of  inhabitants  in  this  province  are  the  scattered  remnants  of  the 
aboriginal  Indians,  now  known  as  Chocos  or  Cholos.  It  is  somewhat  uncertain  which  of  the  great 
semi-civilized  nations  of  America  these  people  have  descended  from.  They  are  thought  by  some  to 
possess  many  characteristics  indicating  a  relationship  with  the  Aztecs  or  Toltecs.  Their  nearest 
neighbors  must  have  been  the  powerful  Ghibchas  or  Muiscas^  and  if  the  boundaries  of  the  territory 
of  that  nation  are  correctly  given  by  Acosta,*  it  must  have  included  the  headwaters  of  the  Atrato. 
And  if  it  be  true  that  the  name  Ghihcha  was  given  by  the  Spaniards  on  account  of  the  frequent 
repetition  of  the  syllables  Ghi  and  Gha^f  the  continued  recurrence  of  the  same  syllables  in  the  lan¬ 
guage  of  the  Chocos  (see  Vocabulary,  Appendix  E)  would  appear  to  indicate,  if  not  establish,  a 
claim  to  relationship  in  that  direction. 

But  there  is  nothing  in  the  appearance  or  condition  of  the  Indians  of  the  present  day  to  indi¬ 
cate  a  descent  from  powerful  and  cultivated  ancestors,  however  remote.  Their  condition,  indeed,  is 

*  Compendio  Historico  del  Descubrimiento  y  Colonization  de  la  Nueva  Grenada,  por  el  Coronel  Joaquin  Acosta. 

t  Antiquities,  ethnology,  &c.,  of  South  America  by  W.  Bollart. 
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so  wretched,  that  they  look  up  to  the  miserable  negroes  as  to  superior  beings.  They  bve  scattered 
about  among  the  hills  and  mountains,  each  family  by  itself,  and  subsist  chiefly  by  hunting  and 
fishing,  tilling  the  soil  even  less  than  the  negroes.  They  are  extravagantly  fond  of  intoxicating 
liquors,  and  when  by  any  means  they  can  secure  the  coveted  anisadoj  men,  women,  and  children 
may  be  seen  drunk  together.  Yet  they  are  not  without  good  qualities,  for  when  engaged  as 
laborers  they  are  faithful,  uncomplaining,  and  industrious.  They  are  also  hospitable  to  the  extent 
of  their  means,  and  at  their  hands  the  stranger  may  be  sure  of  nothing  but  kindness.  In  physique 
they  are  greatly  inferior  to  the  negroes,  being  short  in  stature  and  with  puny  limbs,  yet  they  are 
capable  of  enduring  great  fatigue  and  exposure  without  ai)parent  ill  effects.  They  are  extremely 
timid,  and  express  great  horror  at  the  idea  of  war  or  bloodshed.  Though  somewhat  quarrelsome 
when  in  liquor,  I  have  never  known  their  belligerent  demonstrations  to  extend  beyond  pulling  each 
other  about  by  the  hair,  for  which  amusement  thdr  long  coarse  locks  are  admirably  adapted.  And 
even  this  mild  method  of  combat  is  confined  mainly  to  the  women,  whose  respective  lords  look  on 
with  the  greatest  composure,  apparently  indifferent  to  the  issue  of  the  battle.  On  one  occasion, 
however,  I  remember  to  have  seen  an  old  priest,  or  jaybana^  endeavor  to  interfere,  but  he  was 
knocked  out  of  time  with  such  celerity  by  the  united  efforts  of  the  fair  combatants  as  to  have  no 
stomach  for  further  intervention. 

They  are  so  averse  to  conversation  on  the  subject  of  religion,  that  I  found  it  imimssible  to  draw 
from  them  directly  anything  relating  to  it.  I  learned,  however,  the  following  particulars  from  a 
very  intelligent  young  negro  who  had  been  much  among  them  and  was  acquainted  with  their  lan¬ 
guage.  If  his  account  of  their  daily  anticipation  of  the  arrival  of  a  god  to  set  up  a  kingdom  on 
earth  is  correct,  the  fact  is  certainly  a  most  curious  one.  According  to  his  account,  the  Indians 
worship  a  god  whom  they  call  Jay  (pronounced  ha-ee),  and  whom  they  represent  by  a  rude  figure 
.  of  an  animal.  I  have  seen  them  wearing  these  in  their  hair,  but  was  unable  to  make  out  what 
animal  they  were  intended  to  represent.  Their  priests  they  call  jayhatias.  They  have  no  stated 
season  for  holding  religious  services,  but  generally  hold  them  on  the  serious  illness  of  any  one,  or 
such  special  occasions.  These  services  are  always  held  after  nightfall  and  without  lights.  The  jay- 
bana  recites  in  a  monotonous  chant  certain  legends,  and  the  people  listen  in  silence.  Women  are 
admitted  to  the  priesthood,  and  young  boys  and  girls*  are  kept  in  training,  learning  the  legends. 
They  expect  daily  a  goil  inferior  in  power  and  dignity  to  the  great  Jay,  who  is  coming  to  establish  a 
kingdom  on  earth. 

The  attendance  of  a  jayhana  is  considered  necessary  at  funerals,  but  they  marry  without  cere¬ 
mony.  It  is  usual  for  a  man  to  have  but  one  wife,  but  he  may  take  as  many  as  he  pleases. 

•  At  funerals  the  women  weep  and  wail,  but  it  is  considered  unbecoming  in  a  man  to  indulge  in 
any  manifestations  of  grief.  They  set  up  the  cross  over  their  graves,  but  this  is  done  in  imitation 
of  the  Christians,  and  from  some  superstitious  belief  in  its  power  to  ward  off  evil  spirits,  not  from 
any  understanding  of  its  symbolical  meaning. 

RESOURCES  OF  THE  COUNTRY. 

A  writer  in  the  American  Encyclopaedia  says  of  Choco  that  it  is  distinguished  for  the  poverty 
of  its  inhabitants  and  the  inexhaustible  abundance  of  its  mineral  deposits.  I  can  vouch  for  the 
truth  of  the  first  half  of  this  assertion,  and  have  unlimited  faith  in  the  last. 

It  has  long  been  known  that  the  headwaters  of  the  Atrato  is  one  of  the  richest  gold  regions  in 
the  world.  All  the  streams — and  their  name  is  legion — that  come  into  the  Atrato  fix)m  the  east¬ 
ward,  having  their  sources  high  up  in  the  Antioquian  Cordillera,  bring  down  this  precious  metal  sus¬ 
pended  in  their  waters.  Their  gravelly  beds  and  sandy  playas  are  rich  with  gold,  which  is  so  abund¬ 
ant  as  to  be  carried  during  the  floods  of  the  rainy  seasons  into  the  Atrato  itself.  The  means  employed 
by  the  natives  to  obtain  this  gold  are,  as  may  be  supposed,  rude  in  the  extreme.  Vein  mining  is 
carried  on  to  a  limited  extent  only,  and  then  with  machinery  of  the  simplest  possible  construction. 
The  greater  part  is  obtained  by  washing  the  sands  of  the  streams  immediately  after  the  subsidence 
of  the  floods  of  the  rainy  months.  In  spite,  however,  of  the  rude  means  emifioyed  and  the  desul¬ 
tory  way  in  which  the  search  is  carried  on  by  the  lazy  natives,  the  annual  amount  collected  is  by 
no  means  inconsiderable.  The  greater  portion  finds  its  way  to  Quibdo,  the  capital  and  principal 
town  of  the  province,  where,  as  I  was  informed  by  the  jefe  municipal^  when  in  that  town  in  1873, 
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there  is  yearly  collected  from  $200,000  to  $300,000  worth.  Such  an  amount  as  this,  considering  the 
circumstances,  certainly  indicates  a  richness  in  those  gold  regions  that  promises  most  profitiible 
returns  when  the  influx  of  labor  and  capital  shall  enable  the  business  to  be  conducted  in  a  systematic 
and  scientific  manner.  Besides  gold,  silver,  platina,  and  other  metals  are  known  to  exist,  though  in 
what  quantities  I  cannot  say. 

The  existence  of  coal  on  the  eastern  shores  of  the  Gulf  of  Urabii  and  on  the  Pacific  at  Cupica 
Bay  is  important  in  connection  with  the  proposed. canal  scheme.  Si>ecimens  of  the  coal  from  Urab4 
were  obtained  by  Commander  Selfridge,  and  the  result  of  its  analysis  showed  it  to  be  of  fair  quality.* 

A  small  specimen  of  the  coal  from  Cupica  was  handed  to  me  recently  by  Lieutenant  Norris,  by 
whom  it  was  found  in  1873.  I  submitted  it  for  analysis  to  the  mineralogist  of  the  Smithsonian 
Institution,  and  on  examination  it  was  found  to  possess  all  the  chaiacteristics  of  anthracite  coal.” 

He  adds,  however,  that  “  it  would  be  hasty  to  infer  that  a  deposit  of  anthracite  coal  may  exist  at 
the  locality  where  this  was  found.”  (See  letter  of  Professor  Henry,  Appendix  G.) 

Among  the  most  important  of  the  many  sources  of  wealth  in  Choco  are  its  extensive  forests, 
fiUed  with  rubber-tre^s,  dye-woods,  and  beautiful  and  valuable  woods  of  many  species.  A  list  of 
more  than  thirty  varieties  of  the  latter  will  be  found  under  the  head  of  materials  for  construction. 

Of  the  valuable  article  of  rubber,  Choco  possesses  an  almost  inexhaustible  supply.  The  trees 
are  thickly  scattered  over  an  immense  area,  and  each  will  yield,  it  is  said^  a  considerable  quantity 
daily  for  twenty  years.  But  the  ignorant  negroes,  in  their  short-sighted  cupidity,  now  cut  the  trees 
down  as  they  find  them,  thus  securing  a  larger  amount  at  once  and  with  little  trouble,  but  killing 
the  goose  that  lays  the  golden  eggs.” 

The  capability  of  the  rich  soil  of  this  region  to  bring  forth  in  abundance  all  the  varied  x>roduc- 
tions  of  the  tropics  does  not  need  to  be  d\velt  upon.  Bice,  indigo,  cotton,  t  sugar,  tobacco,  cocoa 
and  fruits  of  many  varieties  grow  almost  spontaneously ;  and  this  region  is  the  very  home  of  the  • 
plantain,  concerning  which  it  is  said  that  ground  yielding  wheat  sufficient  for  the  sustenance  of  one 
man  will  grow  plantains  for  twenty-five  men.  In  a  word,  it  cannot  be  doubted  that  in  natural 
sources  of  tvealth  Choco  is  extremely  rich. 

MAimEE  OF  CONBUCTIKG  THE  SURVEY. 

The  main  line  was  run  entirely  with  two  instruments  constructed  by  Wurdeman,  of  Washing¬ 
ton,  and  called  ^^gradienters.”  These  instruments  had  been  in  use  on  the  previous  expeditions, 
and  had  been  found  admirably  adapted  to  the  rapid  reconnaissance  of  open  rivers.  They  also  par¬ 
ticularly  recommended  themselves  to  us  when  fitting  out  for  the  last  expedition  by  the  fact  that 
with  them  the  work  of  survey  can  be  prosecuted  with  a  much  smaller  force  than  is  required  by  the  . 
transit  or  compass  and  chain.  The  method  of  measuring  distances  by  a  micrometric  attachment 
to  the  telescope  is  also  an  advantage  in  a  rough  country  that  can  be  readily  appreciated.  But  for 
a  regular  and  careful  survey  they  are  not  well  adapted.  They  are  most  vexatio\is  instruments  to 
run;  they  are  difficult  to  keep  in  adjustment,  and  easily  broken.  They  would  be  excellent  instru¬ 
ments  to  put  on  board  ships  for  use  in  reconnoitering  rivers  and  in  the  survey  of  harbors.  For  any 
other  purpose  I  would  not  recommend  them.  Our  experience,  however,  shows  that  when  carefully 
handled  they  will  give  fairly  reliable  results.  We  had  no  opportunity  to  run  extended  lines  of 
check-levels  for  the  purpose  of  testing  the  accuracy  of  our  work,  but  on  several  occasions  during 
its  progress  checks  were  obtained^  in  some  cases  lines  of  considerable  length  over  very  rough 
ground  being  involved.  In  each  of  these  cases  the  disagreement  did  not  exceed  five-tenths  of  a 
foot,  which,  it  appears  to  me,  is  quite  as  close  as  could  have  been  expected. 

On  the  line  for  the  aqueduct  we  connected  with  the  siu’vey  of  1873.  Here  a  line  more  than 
twenty  miles  in  length  was  Involved,  some  of  which  was  over  as  rough  ground  as  it  is  possible  to 
level  over  at  all,  and  the  discrepancy  was  between  3  and  5  feet.  I  can  give  it  no  closer  than  this, 
as  the  actual  spot  on  which  to  connect  could  not  be  determined,  the  mark  having  disappeared. 

^  See  Report  of  Professor  Baker  in  the  Appendix  to  Report  of  Commander  Selfridge. 

tTwo  kinds  of  cotton  grow  in  Choco,  and  both  on  trees.  One  is  called  by  the  natives  Algodon  de  Binorij  the  other 
Algodon  de  Pajarita.  On  planting  the  seeds,  but  three  months  are  necessary  for  the  tree  to  spring  np  and  attafn  a  suf¬ 
ficient  size  to  commence  bearing.  It  will  then  continue  to  grow  until  it  becomes  a  large  tree,  bearing  all  the  while  its 
crops  of  cotton  the  year  round.  The  natives  spin  the  cotton  into  a  coarse  thread  by  means  of  a  rude  apparatus  called 
the  U90f  but  they  use  it  for  no  other  purpose  than  the  manufacture  of  iishing-nets.  The  cotton,  as  compared  with  that 
produced  in  our  Southern  States,  is  of  little  value.  (See  letter  of  Commissioner  of  Agriculture,  Appendix  F.) 
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But  the  nature  of  the  ground  admitted  no  greuter  limits  than  those  assigned,  and  the  difference 
was  assumed  as  4  feet.  I  therefore  conclude  that  our  elevations  are  sufficiently  accurate  for  a 
l^reliminary  reconnaissance. 

The  distances  on  the  main  line  of  survey  were  in  general  meiisured  by  the  micrometer  attached 
to  the  telescope  of  the  gradienter.  Two  targets,  feet  apart,  were  fixed  on  the  leveling-rod,  and 
the  number  of  turns  and  fractions  of  a  tiu’n  of  the  micrometer-screw,  corresponding  to  every  hori¬ 
zontal  distance  of  10  feet  between  the  limits  of  40  feet  and  500,  were  determined  by  a  series  of 
careful  experiments  before  lea\ing  Aspinwall.  Interpolations  were  made  for  the  intermediate  feet, 
and  the  whole  was  then  tabulated  in  a  convenient  form  for  ready  reference.  In  order  to  test  the 
accuracy  of  this  method  of  measurement  in  actual  practice,  I  caused  the  distances  thus  obtained 
to  be  frequently  checked  by  the  standard  tape,  and  the  results  were  such  as  to  cou^dnce  me  that, 
for  a  rapid  survey  over  a  rough  country,  it  is  superior  to  the  common  method  of  chaining.  On  hill¬ 
sides,  where  the  rapid  rise  or  fall  necessitated  sights  of  less  than  40  feet  horizontal  distance,  we 
resorted  to  the  tape  or  chain. 

All  our  elevations  were  obtained  by  absolute  measurement  with  the  spirit-level,  using  only 
horizontal  lines  of  sight.  This  method  was  very  tedious  and  laborious  when  working  over  the 
steep  ridges  so  abundant  in  the  region  traversed  by  our  line.  Our  work  would  have  been  much 
lightened  and  our  progress  facilitated  by  measiuing  the  angles  of  elevation  when  working  over 
rough  ground,  but  our  instruments  were  not  well  adapted  to  that  piu'pose. 

Our  reconnaissances  for  developing  the  topography  of  the  countrj^  were  necessarily  so  rapid  as 
to  allow  only  the  roughest  means  of  determining  distance,  direction,  and  elevation.  The  former 
was  determined  by  pacing,  the  second  by  the  pocket  comp.ass,  the  latter  by  the  aneroid  barometer 
or  hand-level.  Neither,  of  course,  can  be  relied  upon  except  in  a  very  general  way;  though,  after 
having  become  expert  by  much  i)ractice,  our  results  often  checked  with  surprising  accuracy. 

In  order  to  mark  the  actual  route  traversed  as  prominently  as  possible,  large  trees  were  blazed 
along  the  line  and  frequent  bench-marks  were  established.  For  this  pui’pose  a  large  and  conspicu¬ 
ous  tree  was  always  selected,  a  bench  or  step  was  cut  for  thc  Tod  to  rest  upon,  and  the  spot  marked 
with  three  copper  tacks.  Above  this,  a  large  blaze  was  cut  on  the  side  of  the  tree,  and  there  was 
marked  in  copper  tacks  tht  number  of  the  bench-mark  and  the  initial  ol  the  officer  making  it.  A 
full  description  of  the  mark  was  then  entered  in  the  field-book.  In  si)ite  of  these  precautions, 
however,  I  should  not  be  siu’prised  if,  a  few  years  hence,  it  should  be  found  difficult  to  discover 
any  traces  of  our  work.  The  cuta  on  trees  in  that  country  soon  heal  up,  so  as  to  become  almost 
indistinguishable,  and  the  bright  metal  of  the  copper  tacks  tempts  the  cupidity  of  the  natives  so 
strongly  that  they  are  very  apt  to  remove  them. 

The  difficulty  of  finding  any  of  the  bench-marks  of  my  survev  of  the  Napipi  in  1871,  all  of 
which  were  marked  with  copper  tacks,  led  me  to  suspect  the  natives  of  removing  them;  and  the 
suspicion  became  a  certainty  when,  on  visiting  a  bench-mai'k  made  less  than  six  weeks  before,  I 
found  more  than  half  the  tacks  gone.  I  mention  these  seemingly  trivial  facts  in  order  that  any 
future  explorers  may  not  be  surprised  if  they  find  difficulty  in  detecting  traces  of  our  work. 

Finally,  as  regards  our  survey,  I  may  say  that  we  did  our  best  with  the  means  at  hand, 
actuated  solely  by  an  honest  desiie  to  do  our  work  faithfully  and  to  learn  the  truth.  Pressed  as 
we  were  for  time,  the  desire  to  progress  with  speed  was  never  allowed  to  interfere  with  good  work. 
My  instructions  to  Lieutenants  Eaton  and  Sullivan,  i^refixed  to  their  reports  in  the  Appendix,  will 
show  that  every  precaution  to  insure  good  work  and  a  thorough  knowledge  of  the  ground  passed 
over  was  required;  and  I  am  sure  that  my  ideas  on  these  points  were  carefully  carried  out. 

DESCRIPTION  OF  THE  PROPOSED  CANAL. 

The  general  plan  of  the  proposed  canal  has  already  been  indicated.  For  the  convenience  of  a 
more  detailed  descrii}tion  we  may  divide  the  canal  into  four  divisions : 


Miles. 

Eastern  division,  from  Atrato  to  “crossing” .  20. G3 

Middle  division,  from  “crossing”  to  tunnel . .  4. 81 

Tunnel  division  .  .  3  50 

Western  division .  1.  30 


Total  length  of  canal . 30. 24 
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For  the  first  five  miles  of  the  eastern  division  the  line  lies  through  swamps,  and  throughout 
this  region  the  water-surface  is  kept  below  the  ground-surface.  On  reaching  firm  ground  a  suffi¬ 
cient  number  of  locks  are  introduced  to  bring  the  water  surface  well  above  ground,  and  by  occa¬ 
sional  locks  at  convenient  points  it  is  kept  above,  so  that  about  fourteen  miles  of  the  eastern  division 
requii'e  embankments.  In  all,  twelve  locks,  with  a  lift  of  10.3  feet  each,  are  introduced  in  this 
division,  raising  the  summit-level  to  143  feet  above  mean  tide. 

In  this  division  also,  by  means  of  twelve  cidverts  and  the  necessary  side  drains,  the  drainage 
of  the  northern  side  of  the  valley  of  the  Napipi  is  provided  for  mthout  the  jiecessity  of  taking  any 
of  it  into  the  canal.  In  three  places  in  this  division  the  canal  has  been  carried  across  the  Napipi 
in  its  sharp  northern  bends.  In  these  cases  the  necessary  channels  for  diverting  the  river  from  its 
present  bed,  as  well  as  for  the  necessary  walls  and  culverts  for  carrying  the  canal  across  the  depres¬ 
sion,  have  been  allowed  for. 

The  crossing  of  the  Napipi,  to  follow  the  valley  of  the  Doguado,  is,  as  has  been  stated,  to  be 
eftected  by  raising  its  waters  to  a  sufficient  height  by  means  of  a  dam  to  be  thrown  across  just 
below  the  junction  of  the  Merindo. 

From  the  basin  thus  formed  to  the  tunnel  the  middle  division  extends,  lying  in  the  valley  of 
the  Doguado.  The  length  of  this  cbvision  is  4.8  miles,  and  the  depth  of  the  required  cutting  aver¬ 
ages  90  feet.  For  the  first  6,000  or  7,000  feet,  however,  the  cutting  is  light,  the  deepest  cut  in  that 
distance  being  only  45  feet.  The  length  of  the  deep  cutting  is  from  16,000  to  17,000  feet.  The 
deepest  cut  is  245  feet,  but  this  is  for  a  short  distance  only  through  the  summit  of  a  sharp  spur. 

At  the  eastern  portal  of  the  tunnel  the  cutting  is  225  feet  in  depth.  In  order  to  keep  the  best 
ground  in  this  division,  the  river  will  have  to  be  frequentlj^  diverted,  from  its  present  bed.  Capa¬ 
cious  side  channels  will  also  have  to  be  constructed  to  carry  the  drainage  of  the  steep  hill  sides  to 
the  basin. 

The  tunnel  required  for  passing  the  canal  under  the  dividing  ridge  and  bringing  it  out  on  the 
Pacific  slope  in  the  valley  of  the  Chiri-Chiri  River  has  a  length  of  3.J  miles. 

The  western  division  includes  the  portion  between  the  western  portal  of  the  tunnel  and  the 
line  of  26  feet  of  water  on  the  Pacific  shore.  Its  length  is  only  1.3  miles,  and  it  is  occupied  entirely 
by  the  ‘‘Pointing  Basin,”  by  which  the  change  of  direction  between  the  tunnel  and  the  valley  of 
the  Chiri-Chiri  is  to  be  effected,  and  by  the  ten  locks  required  to  ascend  from,  or  descend  to,  the 
Pacific.  The  harbor  at  this  terminus  may  also  be  properly  considered  as  forming  a  part,  of  this 
division.  It  will  be  found  described,  with  the  breakwaters  necessary  to  the  protection  of  the 
entrance  of  the  canal,  in  section  of  this  rei)ort. 

The  following  forms  and  dimensions  for  the  canal-prism  have  been  assumed  as  best  calculated  * 


to  meet  the  requirements  of  the  case  (see  Plate  VI) : 

.  Feet. 

Width  at  bottom .  72 

Width  at  wat<*r-8iirface  in  earth  cuttings .  150 

WMdth  at  water-surface  in  rock  cuttings .  98 

Slope  of  sides  in  earth  cuttings .  Htol 

Slope  of  sides  in  rock  cuttings  below  water .  ^  to  1 

Slope  of  sidea  in  rock  cuttings  above  water .  ^tol 

Width  of  top  of  embankments .  9 

Slope  of  embankments,  interior . l^tol 

Slope  of  embankments,  exterior .  2  to  1 

Width  of  bench”  at  10  feet  above  water .  9 

Width  of  locks  inside .  60 

Length  of  locks  between  miter-sills . .  400 


SECTION  II. 

CULVERTS  AND  OTHER  WORKS  TO  PROTECT  THE  CANAL  FROM  FLOODS. 

It  is  obvious  that  in  a  country  subject  to  such  excessive  rains  as  is  the  one  under  consideration, 
ample  arrangements  for  providing  for  the  surface-drainage  and  for  insuring  the  permanency  of  the 
canal-works  by  protecting  them  from  floods  are  of  the  first  importance. 

In  considering  these  questions,  as  well  as  all  others  invohing  the  principles  of  civil  engineer¬ 
ing,  I  have  consulted  frequently  with  Mr.  Menocal,  late  chief  civil  engineer  of  the  Nicaragua  and 


Digitized  by 


Google 


76 


ENTEROCEANIC  SHIP-CANALS. 


Panama  expeditions,  and  I  have  always  found  him  very  willing  to  give  me  every  assistance  in  his 
power.  But  his  time  has  been  so  fully  occupied  with  his  own  duties  that  I  could  not  feel  it  right 
to  trespass  upon  it  more  than  was  necessary  for  a  very  general  outline  of  what  was  required.  He 
cannot,  therefore,  be  held  responsible  as  indorsing  in  detail  the  plans  and  estimates  herewith 
presented. 

I  will  consider  the  questions  coming  under  the  present  head  in  accordance  with  the  natural 
topographical  division  already  indicated. 

In  the  swampy  section,  near  the  Atrato,  nothing  more  in  the  way  of  drainage  seems  possible 
than  what  is  already  imovided  by  nature.  In  such  a  soil  it  would,  as  a  matter  of  course,  be  im¬ 
possible  to  carry  the  water-surface  of  the  canal  above  the  ground.  The  first  section  of  the  canal  is, 
therefore,  so  planned  as  to  insure  26  feet  of  water  at  the  lowest  stage  of  the  Atrato,  and,  although 
three  locks  are  introduced  in  the  swampy  region  at  points  where  it  is  believed  a  rock  foundation 
will  be  found,  the  water-surface  is  not  permitted  to  come  above  ground  till  ,  the  firm  soil  is 
reached  to  the  westward  of  the  Braso  Muriel. 

It  is  altogether  probable  that  the  whole  of  this  swampy  region  is  often  covered  with  a  shallow 
sheet  of  water  during  great  rises  in  the  rivers  in  the  rainy  months.  It  is  my  belief,  however,  jfrom 
my  own  observation  and  the  testimony  of  the  natives,  that  such  inundations  are  not  of  long  dura¬ 
tion.  The  waters  rise  rapidly  with  extraordinary  rains,  and  subside  with  equal  rapidity  when  the 
rains  cease,  to  the  normal  wet-season  stage,  in  which  the  rivers  are  confined  to  their  proper  beds 
and  the  adjacent  lands  uncovered.  It  is  only  the  lowest  portions,  like  the  cwnegas  near  the  Atrato, 
that  remain  covered  with  water  during  the  entire  wet  season. 

Whether  or  no  these  frequent  overflows  would  prove  injurious  to  the  canal  is  a  question  for 
engineers.  It  appears  tome  that  this  portion  could  be  regarded  only  as  a  channel- way  to  be  dredged 
out  to  the  proper  depth  and  width,  and  constant  dredging,  for  a  number  of  years  at  least,  would 
probably  be  requiied  to  keep  it  open.  It  is  quite  possible  that,  in  practice,  it  would  be  found  im¬ 
practicable  to  i)lace  any  locks  to  the  eastward  of  the  Braso  Muriel.  It  is  proposed  to  close  this  Braso 
by  a  waU  between  the  canal  and  the  Napipi,  leaving  it  to  perform  its  functions  as  a  drain,  but  pre¬ 
venting  the  passage  of  w^ater  from  the  river  into  the  canal.  It  would  have  been  a  good  idea, 
though  it  did  not  occur  to  me  in  season  to  incorporate  it  in  the  estimates,  to  pro\ide  at  this  point  a 
cess  pool,  by  means  of  which  water  might  be  taken  in  during  dry  seasons  to  feed  the  lower  locks. 

On  reaching  the  firm  ground  beyond  the  Braso  Muriel,  the  question  of  surface-drainage  assumes 
a  new  aspect.  For  some  fifteen  miles  the  canal-line  runs  along  the  northern  bank  of  the  Napipi, 
crossing  the  various  streams  that  drain  that  half  of  its  valley.  There  are  two  ways  by  which  this 
surface-drainage  may  be  taken  care  of  without  allowing  it  to  enter  the  canal.  If  the  canal  be  car¬ 
ried  at  a  high  level,  the  waters  may  be  collected  at  convenient  points  by  side  drains  and  passed 
under  the  canal  by  culverts  into* the  river.  If  the  canal  be  carried  at  a  low  level,  a  capacious 
channel  must  be  constructed  along  its  northern  side,  by  means  of  which  the  water  will  be  conveyed 
to  the  Braso  Muriel,  and  thence  to  the  Atrato.  Both  plans  involve  great  expense.  The  former, 
for  the  culverts,  which  must  be  massive  works ;  the  latter,  for  the  enormous  excavation  required  not 
only  in  the  side  channel,  but  in  the  main  canal  as  well. 

In  the  plans  herewith  presented  the  two  systems  are  combined.  Lock  No.  8,  which  is  intro¬ 
duced  some  15,000  feet  to  the  westward  of  the  Braso  Muriel,  is  the  first  one  that  raises  the  bottom 
of  the  canal  sufficiently  high  to  enable  the  waters  to  be  passed  under  it,  and  all  to  the  eastward  ot 
this  point  is  drained  by  a  side  channel  into  the  Braso. 

Immediately  beyond  lock  No.  8  comes  culvert  No.  1,  and  from  that  point  to  the  crossing  the 
bottom  of  the  canal  is  kept  well  ux),  and  the  waters  are  collected  at  convenient  points  and  passed 
under  the  canal  by  the  necessary  culverts  and  tributary  side  drains.  For  this  purpose  twelve  cul¬ 
verts  in  all  are  required,  the  estimates  for  which  will  be  found  in  the  synopsis.  They  are  all  to  be 
massive  structures  of  hydraulic  concrete,  with  the  same  interior  form  and  dimensions  as  the  ordi¬ 
nary  i)ri8m  of  the  canal  in  rock  cuttings,  and  with  arche<i  openings  beneath  for  the  passage  of  the 
water,  varying  in  number  from  one  to  fourteen,  according  to  the  requirements  of  the  case.  The 
plan  and  elevation,  as  shown  in  Plate  VIII,  will  convey  a  better  idea  of  their  character  than  any 
description. 

In  considering  this  question  of  culverts,  I  found  no  little  difficulty  in  carrying  the  bottom  of 
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the  canal  at  such  a  level  as  to  give  sufficient  clearance  beneath  it,  without,  at  the  same  time,  rais¬ 
ing  it  so  high  as  to  require  an  extension  of  the  culvert- walls  for  very  long  stretches. 

In  a  canal  with  26  feet  of  water,  Mr.  Menocal  considers  it  necessary  to  prolong  the  culvert- 
walls  on  either  side  until  the  bottom  of  the  canal  falls  10  feet  below  the  ground-surface.  I  have 
not  carried  this  principle  out  rigorously  in  all  cases,  and  yet,  as  the  canal  is  planned  on  the  accom¬ 
panying  profile,  the  culverts  in  several  cases  attain  a  length  of  from  600  to  800  feet.  Even  then  1 
could  not  feel  sure  of  a  clearance  of  more  than  10  feet  between  the  bottom  of  the  canal  and  the  bed 
of  the  l^apipi,  and  aU  the  culverts  have  been  planned  with  that  limitation.  It  was  considered 
necessary  to  have  a  thickness  of  6  feet  over  the  crowns  of  the  arches,  and  that  left  me  but  4  feet  for 
the  height  of  the  water-passages.  In  order  to  obtain  the  greatest  space  consistent  with  safety 
with  this  height,  I  adopted  semi-elliptical  aiches,  having  a  transverse  diameter  of  20  feet  and  a 
semi-conjugate  diameter  of  4  feet.  Each  of  these  gives  ,au  area  of  83  square  feet,  and  a  sufficient 
number  have  been  introduced  to  meet  the  supposed  requirements  in  each  particular  case. 

Plate  YIII  shows  the  details  of  No.  9  as  a  type  of  all  the  others.  The  following  table  gives 
further  information ; 

DelaiU  of  culverts. 


B 

a 

00 

? 

{p 

(m 

o 

Cubic  yards  of 
material. 

Area  of  drainage 
space. 

Number  of 
arches. 

1 

Feet. 

620 

39, 200 

Sq.feet. 

.580 

7 

2 

680 

51,280 

27,090 

880 

14 

8 

480 

166 

2 

4 

570 

40,030 

166 

2 

5 

420 

2.5,  410 

166 

2 

6 

390 

16,  740 

166 

2 

7 

360 

28, 100 

664 

8 

8 

300 

23,  200 

664 

8 

9 

3.50 

25, 130 

.580 

7 

10 

450 

26,  430 

500 

6 

11* 

170 

11,590 

48,920 

106 

2 

12 

850 

500 

6 

13 

2,489 

80 

1 

*  Nos.  11  and  12  are  connected  by  a  capacious  ditcb. 

In  the  valley  of  the  Doguado,  the  cutting  is  everywhere  so  deep  that  but  one  way  exists  of  pro¬ 
viding  for  the  surface-drainage.  iBy  a  number  of  short  channels  the  river  can  be  made  to  take  care 
of  the  drainage  of  the  northern  slope  of  the  valley.  That  of  the  southern  slope  must  be  conveyed 
to  the  basin  by  a  capacious  side-channel,  for  which,  and  the  necessary  walls  to  keep  the  river- water 
out  of  the  canal-bed,  estimates  have  been  made. 

In  the  western  division  one  culvert,  with  its  tributary  drains,  has  been  allowed  for. 

DIVERSION  OF  RIVERS. 

In  order  to  avoid  high  land  or  long  detours,  the  Napipi  must  be  diverted  from  its  present  bed 
in  three  places  by  artificial  channels.  In  one  of  these  places  (the  sharp  bend  in  curve  No.  5)  advan¬ 
tage  is  taken  of  the  favorable  configuration  of  the  ground  to  form  a  siding,  or  turnout,  by  excavat¬ 
ing  the  low  alluvial  point  to  Jh©  northward  of  the  canal  and  constructing  substantial  walls  of 
hydraulic  concrete  across  the  depression  of  the  present  bed  on  the  south  bank  of  the  canal.  All 
these  projected  works  are  shown  clearly  on  the  accompanying  map  and  require  no  special  descrip¬ 
tion. 

In  order  to  keep  the  canal  in  the  best  ground  in  the  valley  of  the  Doguado,  that  river  must  be 
frequently  diverted,  as  shown  on  the  map.  Estimates  for  all  these  channels,  and  for  necessary 
walls  to  keep  the  river- waters  out  of  the  canal-bed,  have  been  made. 

In  the  valley  of  the  Chiri-Chiri  it  will  be  found  necessary  to  construct  a  channel  around  the 
pointiug-basin  for  the  diversion  of  that  river.  The  line  of  this  channel  is  indicated  on  the  map,  and 
the  cross-sections  of  the  basin  in  Plate  V  show  its  position  in  reference  to  that  basin.  This  channel, 
the  culvert  already  described,  and  a  drain  for  draining  all  the  slope  beyond  the  culvert  directly 


Digitized  by  i^oooie 


78 


INTEROCEAinC  SHIP-CANALS. 


into  the  Pacific,  constitute  all  the  works  of  the  class  now  under  consideration  that  are  necessary 
in  the  western  division. 

The  following  exhibits  the  estimated  cost  of  the  works  just  described: 


Ciilverte .  $3,031,405 

Drains .  2, 449, 667 

Diversion  of  the  Napipi .  571,717 

Diversion  of  the  Dognado .  949, 189 

Diversion  of  the  Chiri-Chiri . - .  89, 733 


7,091,711 


SECTION  III. 

THE  DAM  AND  BASIN  FOR  CROSSING  THE  NAPIPI  (Plate  VII). 

It  has  been  stated,  in  the  general  description  of  the  canal,  that  it  is  proposed  to  cross  the 
Napipi  by  means  of  a  dam  of  sufficient  height  to  bring  the  bottom  of  the  summit-level  above  the 
bed  of  the  river  at  the  fioint  of  crossing.  My  instructions  from  the  Department  contained  particu¬ 
lar  directions  to  fix  the  proper  location  of  this  projected  dam  with  precision. 

The  conditions  of  the  problem  point  at  once  to  the  junction  of  the  Merindp  Eiver  as  the  proper 
site  for  this  structure,  and  a  glance  at  the  map  will  show  that  the  topography  of  that  locality  is 
admirably  adapted  to  the  purpose. 

A  ridge  of  sufficient  height,  butting  on  the  left  bank  of  the  Napipi  a  few  hundred  feet  above 
the  junction  and  exposing  a  bluff  of  solid  rock,  affords  a  convenient  abutment  for  the  north  end  of 
the  dam.  Thence  it  will  extend  across  the  bed  of  the  Nafiipi,  which  is  about  100  feet  wide,  across 
a  low  alluvial  point  lying  betw-een  the  tw o  rivers,  across  the  Merindo,  which  is  about  50  feet 
wide,  and  abut  at  its  south  end  on  a  ridge  lying  parallel  to  that  river  and  close  to  it. 

The  bed  of  the  Napipi  shows  solid  rock  all  the  way  across.  A  boring  in  the  center  of  the  allu¬ 
vial  point  showed  bed-rock  at  the  same  level  as  that  in  the  river,  and  I  feel  safe  in  assuming  that 
a  rock  foundation  will  be  found  at  that  depth  all  the  way  across.  The  solid  rock  is  exposed  on  the 
bluff  at  the  north  end,  and  a  careful  examination  convinced  me  that  rock  exists  in  the  ridge  at 
the  south  end  at  a  depth  of  not  more  than  5  feet. 

The  extreme  length  of  the  flam  on  the  crest  is  1,590  feet.  The  roots,  which  are  to  be  imbed¬ 
ded  in  solid  rock  not  less  than  20  feet,  are  formed  in  steps  to  follow  the  slope  of  the  banks,  and 
on  the  foundation  the  length  of  the  dam  is  1,330  feet.  The  foundation  is  to  be  imbedded  5  feet 
in  solid  rock.  It  consists  of  a  solid  bed  of  hydraulic  concrete  6  feet  thick  by  20  feet  wide.  On 
this  rests  the  superstructure,  which  consists  of  a  shell  of  coursed  masonry  in  heavy  blocks,  with 
a  hearting  of  solid  concrete.  The  dam  is  backed  with  a  mass  of  earth  excavated  from  the  basin 
behind  it,  and  thrown  up  with  a  slope  of  2  to  1.  The  front  of  the  dam  is  formed  in  steps  to  break 
the  force  of  the  overfall,  and  an  apron  of  heavy  timber  resting  on  bearing  piles  and  filled  in  below 
with  broken  stones  extends  55  feet  down  the  river.  A  wall  on  each  side  5  feet  higher  than  the 
crest  of  the  dam  confines  the  overfaUing  water  to  a  width  of  1,200  feet,  and  the  same  walls, 
extended  down  the  front  of  the  dam  and  along  the  entire  length  of  the  apron  protect  the  roots  of 
the  dam  from  the  action  of  the  water.  The  total  height  of  the  dam  above  the  bottom  of  the  foun¬ 
dation  is  33  feet.  Its  height  above  the  mean  siirfiice  of  the  ground  in  which  it  is  imbedded  for  the 
greater  portion  of  its  length  is  about  20  feet,  and  its  width  at  that  point  is  equal  to  that  height. 
The  width  of  the  crest  is  8  feet.  It  vnW  raise  the  waters  of  the  Napipi  25  feet  above  ordinary  dry- 
season  stage.  All  these  details  are  shown  in  Plate  YII. 

In  determining  the  height  of  this  dam,  it  was  proimsed  to  me  by  Commander  Selfridge  to  make 
its  crest  as  high  as  the  level  of  the  highest  flood  ever  known  on  the  Napipi,  and  to  make  it  also  as 
long  as  possible,  in  order  that,  during  floods,  there  should  be  no  great  rise  in  the  basin  behind  it, 
and,  consequently,  in  the  summit-level  of  the  canal.  The  height  of  the  greatest  flood  was  approx¬ 
imately  marked  on  the  wall  of  a  native  hut  at  the  junction  of  the  Merindo  by  its  occupant,  an  old 
negro,  who  had  lived  there  a  number  of  years.  He  had  previously  pointed  out  the  mark  to  Cap¬ 
tain  Selfridge,  and  showed  it  also  to  me.  He  said  that  the  flood  occurred  in  the  month  of  Novem¬ 
ber,  and  that  it  lasted  but  a  few  hours. 

Taking  everything  into  consideration,  I  am  compelled  to  doubt  its  ever  having  occurred  at  all. 
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The  height  indicated,  however,  was  a  convenient  one,  and  I  therefore  adopted  it.  It  brings  the 
water-surface  of  the  siunmit-level  up  to  141  feet  above  mean  tide.  In  view  of  the  limited  water- 
supply  during  extraordinarily  dry  seasons,  I  subsequently  determined  to  make  the  dam  two  feet 
higher,  and  thus  give  a  depth  of  28  feet  in  the  summit-level  and  basin,  in  order  that  a  reserve 
might  be  had  to  draw  upon  in  case  of  necessity  without  reducing  the  working  depth  below  26  feet. 
Calculations  were  therefore  made  for  such  a  dam,  and  the  height  of  the  water  siu'face  of  the 
summit-level  becomes,  under  ordinaiy  conditions,  143  feet. 

Provisions  have  been  made  for  a  rise  of  5  feet  above  the  crest  of  the  dam,  in  case  of  extraor¬ 
dinary  floods,  without  injury  to  the  canal- works.  I  do  not  consider  it  possible  that  such  a  rise 
as  this  can  ever  occiu*.  The  greatest  rise  that  took  i)lace  while  we  were  in  the  country  occurred  on 
the  11th  of  April,  increasing  the  hourly  flow  of  the  Napipi  from  340,000  cubic  feet  on  the  10th  to 
11,169,000  on  the  11th.*  This  fell  again  to  1,169,000  on  the  12th.  Such  a  flood,  which  w'ould  be 
of  frequent  occurrence  during  wet  seasons,  would,  according  to  the  calculations  of  Mr.  Menocal, 
Kiise  the  water  above  the  crest  of  the  dam  only  1  foot.  A  flood  of  double  that  volume,  then,  which 
would  be  uncommon,  would  raise  it  less  than  2  feet;  and  that  one  should  occur  to  raise  it  5  feet  it 
is  impossible  to  imagine.  The  cost  of  this  dam  is  estimated  at  $616,000.  Thd  various  items  will 
be  found  fully  set  for^  in  the  synopsis. 

THE  BASIN. 

A  dam  of  the  height  just  proposed  would  cause  the  back  water  to  overflow  an  extent  of  coun¬ 
try  that  I  estimate  roughly  at  about  one  and  one-half  square  miles.  A  careful  line  of  levels  was 
run  up  the  beds  of  each  of  the  tiibutary  streams  to  the  point  to  which  its  waters  would  be  set 
back,  and  reconnaissances  were  made  to  develop  the  character  of  the  country  along  their  banks. 
The  results  of  these  examinations,  as  exhibited  on  our  map,  show  the  region  to  be  well  adapted  to 
the  formation  of  a  basin,  no  rebiining-walls  being  necessary  except  for  a  very  short  distance  near 
the  north  end  of  the  dam,  where  the  canal  enters  the  basin. 

The  nature  of  the  topography  renders  it  expedient  to  bring  the  canal  into  the  basin  at  that 
point,  and  to  leave  it  again  near  the  mouth  of  the  Doguado.  It  becomes,  therefore,  imperative  to 
provide  some  means  for  preventing,  as  far  as*  possible,  the  precipitation  of  dihris  brought  down 
by  floods  into  the  canal-bed  proper,  as  well  as  the  deposit  of  silt  therein.  It  is  believed  that  the 
construction  of  a  basin  of  the  form  shown  on  the  accompanying  map  will  accomplish  the  object. 
(Plate  I.) 

The  dotted  lines  show  the  probable  extent  of  overflow.  The  broken  lines  are  the  boundaries 
of  the  area  that  it  is  proposed  to  excavate  to  a  depth  of  28  feet  below  the  crest  of  the  dam.  The 
curved  sides  of  this  excavation  are  of  such  radius  that  a  vessel,  not  wishing  to  stop  in  the  basin, 
may  proceed  directly  through,  as  in  other  portions  of  the  canal.  The  stone  wall  A  B  protects  that 
imrtion  of  the  canal-bed  from  Mhris  and  projects  sufficiently  far  into  the  basin  to  give  the  com¬ 
bined  currents  of  the  Napipi  and  Doguado  a  direction  toward  the  corner  C,  which  direction,  indeed, 
they  would  naturally  take,  when  of  equal  strength,  as  the  resultant  of  their  resolution.  An  eddy 
would  therefore  be  formed  in  the  corner  C,  and  in  it  most  of  the  floating  debris  would  accumulate, 
and  could  be  taken  care  of  by  a  gang  of  men  employed  for  the  puiqiose.  Whatever  might  escape 
this  trap  would  go  directly  over  the  dam,  as  there  would  be  no  cunent  to  draw  it  in  the  direction 
of  the  canal-bed.  Whatever  solid  matter  might  be  brought  down  in  suspension  would  of  course 
be  deposited  in  the  order  of  its  w  eight  as  the  currents  slackened  on  entering  the  basin.  It  is  rea¬ 
sonable  to  suppose  that  the  greater  part  would  be  deposited  within  the  limits  of  the  deei)-wator 
area,  whence  it  could  be  dredged  without  interfering  with  the  transit  of  ships.  And  here  it  may  be 
remarked  that  it  is  only  after  heavy  raius  that  the  waters  of  those  streams  are  at  all  turbid.  At 
other  times  they  are  as  clear  as  crystal  and  bear  no  silt. 

The  estimates  for  this  basin  will  be  found  with  the  others  in  the  synopsis.  It  has  been  ma<le 
larger  than  might  appear  necessary,  in  the  belief  that  a  commodious  basin  at  this  point  would  be 
of  great  value  in  operating  the  canal.  The  cost  in  round  numbers  is  $1,917,000. 

**  During  this  rise  the  surface-velocity  was  found  to  he  293.6  feet  per  minute. 
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SECTION  IV. 

THE  TUNNEL  AND  THE  POINTING  BASIN. 

.  a 

At  a  distance  of  2G,000  feet  from  the  crossing,  the  cutting  having  attained  a  depth  of  220  feet 
and  rapidly  increasing,  a  tunnel  is  proposed  to  carry  the  canal  under  the  dividing  ridge,  which  at 
the  point  crossed  by  our  line  of  survey,  as  has  been  stated,  attains  a  height  of  778  feet.  A  tunnel 
starting  at  the  point  indicated,  and  coming  out  on  the  Pacific  slope  in  the  valley  of  the  Chiri-Chiri, 
would  have  a  length  of  18,5()()  feet,  or  3.5  miles. 

No  tunnel  approaching  the  dimensions  of  the  one  here  contemplated  ever  yet  having  been 
attempted,  its  proper  dimensions  and  best  form  are  altogether  open  questions.  The  question  of  its 
practicability  has  been  fully  discussed  in  the  report  of  Commander  Selfridge,  and  it  appears  to  be 
conceded  that  as  a  mere  feat  of  engineering  its  practicability  cannot  be  doubted. 

I  propose  to  consider  the  tunnel  question  here  only  so  far  as  may  be  necessary  to  arrive  at  a 
fair  approximation  to  its  probable  cost,  as  nearly  as  that  may  be  done  with  the  limited  data  we 
have  to  work  upon.  For  this  puq)ose  I  have  calculated  the  cost  with  different  dimensions  accord¬ 
ing  to  plans  kindly  furnished  me  by  W.  H.  Hutton,  of  Baltimore.  He  proposes  two  forms  of  trans¬ 
verse  section  (Plate  VI),  to  be  used  according  to  the  nature  of  the  material  to  be  pierced.  First,  for 
good,  solid  rock,  a  trapezoidal  form,  with  a  segmental  arch  of  120^,  the  crown  to  be  86  feet  above 
the  water-surface;  a  width  of  70  feet  at  water-surface;  a  depth  of  27  feet  of  water,  and  sides  battered 
1  to  20.  The  arch  is  to  be  formed  of  masonry  5  feet  thick  at  the  spring  and  3  feet  at  the  crown, 
the  whole  to  be  well  backed  by  concrete.  Second,  for  unsound  or  badly-seamed  rock,  an  elliptical 
section,  with  a  conjugate  diameter  of  70  feet  at  water  surface  and  a  semi-transverse  diameter  of  86 
feet  above  water-surface,  the  section  to  be  continued  below  so  as  jbo  give  27  feet  of  water.  With 
this  section  the  arched  lining  is  to  spring  from  the  water-surface  with  a  thickness  of  5  feet,  dimin¬ 
ishing,  as  before,  to  3  feet  at  the  crown. 

Both  these  sections  give  1,846  square  feet  as  4he  area  of  water-space. 

The  first  plan  would  require  the  excavation  of  5,279,843  cubic  yards  rock,  and  of  masonry  in 
the  arch  203,498  cubic  yards.  Estimating  the  qost  of  excavation  at  $5.35  per  cubic  yard  (the  price 
allowed  by  Commander  Selfridge  on  the  authority  of  Mr.  B.  H.  Latrobe,  of  Baltimore),  and  masonry 
at  $20  per  cubic  yard  (for  which  estimate  I  have  the  authority  of  Mr.  Menocal  and  Mr.  S.  T.  Abert, 
United  States  civil  engineer,  at  Washington),  and  we  have  a  total  cost  of  $32,316,120.  Adding  to 
this  $163,000  for  the  necessary  shafts — a  rough  estimate — we  have  $32,479,120. 

The  second  plan  would  require  the  excavation  of  5,102,862  cubic  yards  rock,  and  of  masonry 
682,993  cubic  yards,  giving  a  cost  of  $40,960,272.  It  is,  with  our  present  knowledge,  quite  uncer¬ 
tain  what  sorts  of  rock  would  be  encountered  in  the  actual  construction  of  this  tunnel.  Perhaps 
in  estimating  its  cost  it  would  be  fair  to  take  a  mean  of  the  two  sums  just  given.  Such  a  mean 
would  give  as  the  cost  of  a  tunnel  70  feet  wide  and  113  feet  high  the  sum  of  $36,801,196. 

The  necessity  for  a  width  of  70  feet  is  so  strongly  questioned  by  some,  that  I  have  thought  it 
best  to  calculate  the  cost  of  a  tunnel  with  the  same  form  of  cross-section,  but  with  the  width  at 
water-line  reduced  to  60  feet.  The  height  above  water  remains,  as  before,  86  feet,  but  in  accord¬ 
ance  with  a  suggestion  of  Commander  Selfridge,  the  depth  has  been  increased  to  30  feet,  thus 
securing  greater  water-space  at  a  trifling  comparative  increase  in  cost.  In  this  plan  the  area  of 
water-space  is  1,765  square  feet.  With  this  reduced  width  the  excavation  in  good  rock  would  be 
4,915,397  cubic  yards,  and  the  masonry  required  in  the  segmental  arch  would  be  199,181  cubic 
yards.  These  figures  give  a  cost  of  $30,443,994. 

The  elliptical  section,  with  reduced  width,  would  require:  excavation,  4,562,051  cubic  yards; 
masonr>^,  573,494  cubic  yards;  giving  a  cost  of  $35,876,853. 

Taking  a  mean  of  these  as  the  probable  cost,  we  have  for  a  tunnel  60  feet  wide  at  water-line 
and  116  feet  high  the  sum  of  $33,241,923.  In  the  final  summary  of  expenses  herewith  given  this 
sum  is  allowed.  Those  who  consider  a  width  of  70  feet  ae  essential  must  add  to  the  sum  total  there 
given  $3,560,000. 
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THE  POINTING  BASIN. 

The  general  direction  of  the  valley  of  the  Cbiri-Chiri  River  makes  an  angle  of  some  40o  with 
he  tunnel,  and  to  accomplish  this  change  of  direction  no  better  jdan  has  occurred  to  me  than  the 
pointing  basin  represented  on  Plate  V. 

The  plan  so  nearly  explains  itself  that  a  description  is  hardly  necessary.  It  consists  of  an  open 
cut,  the  ground-plan  being  very  nearly  in  the  shape  of  a  sector  of  a  circle,  with  a  ra<lius  of  400  feet 
and  chord  of  290.  It  is  excavated  mainly  in  solid  rock,  and  its  sides  have  the  same  slope  as  other 
j)ortions  of  the  canal  similarly  situated. 

At  a  height  of  8  feet  above  normal  water-surface  a  bench  10  feet  wide  extends  around  three 
sides  to  facilitate  the  operation  of  breas ting-over  passing  vessels. 

The  northwestern  side  of  the  basin  makes  an  angle  of  5^  with  the  tunnel,  as  a  ship  could  make 
that  change  of  direction  while  emerging  from  or  entering  the  tunnel,  and  by  constructing  it  in  that 
way  a  considerable  saving  in  excavation  would  be  effected. 

The  operation  of  passing  through  such  a  basin  is  so  simple  as  to  require  no  description.  The 
time  occupied  could  not  be  more,  and  should  be  considerably  less,  than  would  be  required  for  one 
lockage. 

The  estimates  for  this  basin,  which  are  simply  the  cost  of  the  necessary  excavation,  are  included 
in  those  for  the  western  division  of  the  canal. 

SECTION  Y. 

LOCKS. 

The  summit-level  of  the  proposed  canal  being  143  feet  above  the  plane  of  mean  tide,  the 
necessary  locks  to  overcome  this  difference  of  level  have  been  projected  and  estimates  made  of 
their  probable  cost.  A  portion  of  the  difference  on  the  Atlantic  side  is  already  overcome  by  the 
elevation  of  the  surface  of  the  Atrato  at  the  point  where  the  canal  joins  it. 

Our  line  of  levels  gave  39  feet  as  the  elevation  of  the  banks  of  the  Atrato  at  that  point.  Ac¬ 
cording  to  the  best  of  our  observations  and  the  testimony  of  the  natives,  the  extreme  variation  in 
the  level  of  the  Atrato  is  20  feet.  This  I  regard  as  an  extreme  estimate,  and  it  gives  us  19  feet  as 
the  height  of  the  surface  of  the  river  at  its  lowest  stage.  Nineteen  feet  from  143  feet  leave  124 
feet  to  be  overcome  by  locks.  For  this  purpose  twelve,  with  a  lift  of  10.3  feet  each,  have  been 
projected,  and  calculations  made  for  them  according  to  their  locations,  as  shown  on  the  profile. 

The  dimensions  proposed  are  a  length  of  400  feet  between  miter-sills,  and  a  clear  inside  width 
of  60  feet. .  The  walls  inside  are  to  be  perpendicular,  but  joined  to  the  bottom  by  a  circular  arc, 
described  with  a  radius  of  10  feet.  When  the  lock  is  situated  in  solid  rock,  a  thickness  of  3  feet  of 
hydraulic  concrete  has  been  allowed  for  sides  and  bottom.  Wlien  in  earth,  this  thickness  has  been 
increased  to  6  feet.  When  the  walls  rise  above  the  surface,  a  thickness  of  6  feet  has  been  allowed 
for  the  top,  and  the  outside  is  sloped  off  in  steps  so  as  to  give  at  every  point  a  thickness  equal  to 
.75  of  the  height  above.  The  lift  walls  have  a  thickness  of  15  feet,  and  ample  chambers  have  been 
allowed. 

For  gates,  machinery,  and  apparatus  for  filling  and  emptying  the  locks,  I  have  allowed  the  same 
sums  as  given  by  Mr.  Menocal  in  Commander  LulPs  report  on  Nicaragua.  The  items  will  be  found 
in  the  synopsis. 

The  aggregate  cost  of  these  twelve  locks,  as  estimated,  is  $2,511,552.  This  estimate  does  not 
include  the  cost  of  excavation,  since  that  has  been  amply  allowed  for  in  the  estimates  for  the  exca¬ 
vation  of  the  division  in  which  they  occur.  The  walls  and  bottoms  have  been  estimated  for  as 
entirely  in  hydraulic  concrete,  the  only  dressed  stone  about  the  locks  being  70  cubic  yards  in  each 
for  miter-sills. 

On  the  Pacific  side  the  entire  difference  of  level  of  143  feet  must  be  overcome  by  locks.  In 
fact,  in  order  to  enable  ships  of  all  classes  to  enter  and  leave  the  canal  at  all  stages  of  the  tide,  some 
^  feet  must  be  added  to  this,  the  rise  and  fall  of  spring-tides  in  Chiri-Chiri  Bay  being  about  13 
feet.  We  have,  therefore,  149  feet  difference  to  provide  for,  and  estimates  harv^e  been  made  for  ten 
locks,  with  a  lift  of  14.9  feet  each.  The  slope  of  the  Pacific  side  is  so  abrupt,  that  there  is  room  for 
no  more  than  10  locks  “  end  on.^ 

S.  Ex.  75 - 11  ' 
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It  is,  of  course,  objectionable  to  place  so  many  locks  of  heavy  lift  in  a  flight  for  many  reasons, 
chief  among  which  may  be  mentioned  the  danger  of  damage  to  the  works  from  the  enormous 
hydrostatic  pressuic  in  case  of  fissures  in  the  rock ;  but  there  seems  to  be  no  way  to  avoid  it.  It  is 
possible  that  some  sort  of  a  hydraulic  lift  might  be  resorted  to  ;  but  the  success  of  any  such  device 
appears  very  problematical.  These  locks  are  of  the  same  general  character  and  dimensions  as 
those  for  the  Atlantic  side,  with  the  exception  of  such  changes  as  are  called  for  by  the  increased 
lift.  Their  location  is  well  shown  on  Plate  V.  The  amount  of  material  necessary  for  each  has  been 
carefully  calculated,  and  theii*  aggregate  cost  is  estimated  at  $2,537,002.  We  have,  then,  as  the 
aggregate  cost  of  the  locks  required,  according  to  these  jdans,  the  sum  of  $5,049,214. 

SECTION  vr. 

CHARACTERISTICS  OF  THE  STRATA  REQUIRING  EXCAVATION. 

The  importance  of  determining  as  accurately  as  possible  the  character  of  the  soil  through 
which  the  proposed  cutting  would  have  to  be  made  was  fully  appreciated,  and  every  effort  was 
made  to  secure  reliable  data  bearing  on  that  question.  The  results  of  our  efforts  in  this  direction 
were  not  as  satisfactory  as  I  could  wish,  and  our  data  is  meagre. 

The  boring  apparatus  with  which  we  were  supplied  proved  entirely  too  heavy  for  our  little 
force  to  operate  satisfactorily,  and,  after  a  number  of  more  or  less  successfid  trials,  the  necessity  of 
putting  all  our  strength  on  the  line  of  survey  compelled  us  to  abandon  its  use  entirely. 

It  can  easily  be  seen  that  it  was  useless  to  employ  an  oflicer  and  four  men  all  day  in  retiching 
a  depth  of  6  or  8  feet,  when  the  chara<*t(‘r  of  the  soil  could  be  better  ascmtained  to  an  ecpial  depth 
by  a  simple  inspection  of  the  banks  of  the  small  str(‘ams  crossing  the  line  of  survey.  The  latter 
method  was  therefore  adopted,  and  some  forty  specimens  showing  the  soil  at  deiiths  varying  from 
5  to  20  feet  were  secured.  These  specimens,  with  sev’eral  of  rock,  were  sent  to  the  Smithsonian 
Institution,  with  a  request  that  they  might  be  examined  and  a  reimrt  made  of  their  character¬ 
istics  as  bearing  on  the  canal  question  ;  but  the  pressure  of  official  duties  on  the  part  of  the  gen¬ 
tlemen  connected  with  that  Institution  has  thus  far  prevented  their  examination. 

In  the  absence,  therefore,  of  the  opinion  of  an  expert,  I  can  only  give  the  following  general 
description,  which  may  serve  to  convey  some  idea  of  the  character  of  the  soil  along  the  line. 

It  will  be  seen  that  throughout  the  length  of  the  line,  if  we  except  the  swainjis  near  the  Atrato, 
the  appearance  of  the  soil  is  strikingly  similar.  Below  the  thin  layer  of  vegetable  mold  we  found 
ever^^here  a  remarkably  stiff,  tenacious  clay,  blackish-red  or  blue  in  color,  and  generally  free  from 
any  mixture  of  sand.  It  was  this  tenacious  subsoil  that  so  troubled  us  in  boring.  The  first  few 
feet  were  passed  easily  enough,  but  on  striking  the  clay  the  united  weight  of  four  men  would  some¬ 
times  fail  to  force  the  screw  to  take,  or,  if  it  did  take  and  advanced  8  or  10  inches,  it  was  next  to 
impossible  with  our  ap]>liances  to  withdraw  it. 

Cutting  through  this  clay  would,  no  doubt,  be  difficult  and  expensive.  But,  once  cut,  no  bet¬ 
ter  material  for  the  construction  of  a  canal  could  be  desired.  The  ditch  and  embankments  would, 
I  feel  confident,  be  practically  impervious  to  water,  while  the  great  stiff  ness  and  tenacity  of  the  clay 
would  enable  it  to  stand  at  a  good  slope,  and  to  resist  to  a  great  extent  the  wearing  of  heavy  rains 
and  the  wash  at  the  water-surface  of  the  canal. 

Description  of  specimens  of  the  soil  along  the  line. 


No. 


How  and  whence  obtained. 


1  By  boring  on  the  bank  of  the  Atrato  near  the  Napipl 
I  2  . do . . . 


Dcnth  at 
wiiich 
I'uuiid. 


Feet. 

7 

15 


3  By  boring  near  the  banks  of  the  Napipi  about  5  miles  from  the  Atrato,  in  2 

low,  flat  country. 

4  . do .  11 

5  . do . .  13 


I  6  1  By  boring  near  the  Napipi  7  milea  from  Atrato.  Low,  flat  country 

I  7  I . do . 

1  8  I . do . 


3 

10 

14 


Characteristica. 


I  Dark  clayey  loam,  free  from  sand. 

'  Plastic  cla>%  blue  and  red  mixed ;  appears  to  con- 
I  tain  some  very  flne  sand. 

'  Fine  sand,  clay,  and  vegetable  mold,  dark  red- 
I  dish  color. 

Phistic  clav,  stiff,  smooth,  and  bluish. 

I  Very  flne  dark  yellow  sand,  mixed  with  a  little 
dark  bine  clay. 

I  Bright  red,  sandy  clay. 

Smooth  red  clay,  very  stiff. 

1  Dark  clay,  red  and  brown  mixed. 
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Description  of  specimens  of  the  soil  along  the  line — Coutinued. 


How  and  whence  obtained. 


9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 
27 


- do . . . 

boring  near  the  Napipi  9  miles  from  the  Atralo,  in  low  land,  with  lulls 
in  the  vicinity. 

. do . 

. do . 

By  boring  neai  the  Napipi  10  miles  from  the  Atrnto,  on  the  side  of  a 
small  hVU. 

. do . 

. do  . . 

By  boring  near  the  Napipi  12  miles  from  the  Atrato,  on  the  top  of  a  low 
ridge. 

. do . 

By  boring  on  the  line  of  the  proposed  dam  20  miles  from  the  Atrato . 

../...do . 

. do .  . 

From  the  bottom  of  small  stream  13  miles  from  the  Atrato . 

From  the  bottom  of  .small  stream  14  mih-s  from  the  .Vtrato . 

From  the  bottom  of  stream  about  15  miles  from  the  Atiwlo . . 

From  bottom  of  small  stream  near  No.  24 . 

From  bottom  of  “Catiigado  ”  10  miles  from  the  Atrato . 

From  bottom  of  small  stream  ^  mile  to  the  westward  of  the  Catugmlo . 


Depth  at 
which 
found. 


Feet. 

15 

7 

12 

15 

1 

3 

7 

6 


3 
6 

7 

10 

12 

8 
5 

12 

4 


28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 


39 


From  bottom  of  stream  16  miles  from  the  Atrnto .  j  8 

From  bottom  of  small  stream  near  28  . !  8 

From  bottom  of  stream  20  miles  from  the  Atrato  . |  10 

From  the  bottom  of  the  Pidagado  18  miles  from  the  Atrato  . '  12 

From  the  Pidajmdo  1  mile  up.stream  from  31 . *. . i  15 

From  bottom  or  small  stream  17  miles  from  the  Atrato  . I  3 

From  banKs  of  a  sti*eam  16^  miles  from  the  Atrato.  This  stream  baa  a  I  6 

sandy  bottom.  | 

From  banks  of  Napipi  about  7  miles,  direct  di.stance.  from  the  Atrato _ i . 

From  the  surface  of  the  hills  in  the  .same  vicinity  as  35  . . 

From  the  surface  of  the  hills  8  miles  from  Atrato . . 

From  the  bank  of  the  Napipi  where  the  line  runs  very  near  the  river,  . 

about  12  miles  from  the  Atrato.  The  banks  of  the  river  in  this  vicinity  I 
are  of  this  rock  for  more  than  half  a  mile  and  from  10  to  40  feet  high.  i 

From  the  clitfs  on  the  right  bimk  of  the  Doguado,  about  4  miles  above  the  . 

Junction  of  the  Napipi. 


Characteristics. 


Smooth  blue  clay,  mixed  with  a  little  red. 

Dark  brown  sandy  clay. 

Very  tine  dark  yellow  sand. 

Darlc  bluish  clay,  with  some  fine  yellow  sand. 
Bright  ivd  sandy  clay,  very  stiff  aind  hard. 

Stiff  smooth  clav,  red  and  yellow. 

Like  14,  but  stitfor. 

Dark  i-od  sandy  clay. 

Fine  yellowish  sand,  w'ith  some  clay. 

Coarse  sandy  clay. 

Dark  bluish’  clay,  very  soft. 

Like  above,  but  stiffer. 

Dark  clay  mixed  with  gravel,  bed-rock  below. 
Dark  brown  and  red  clay,  with  vegetable  mold. 
Stiff  8m<M)th  clay,  blue  and  brown  mixed. 

Same  as  23. 

Dark  brown  clay,  smooth  and  stiff. 

Dark  blue  clay,  "smooth,  stiff,  and  tenacious. 
Smooth  bine  clay,  induratetl ;  looks  almost  like 
stone. 

Coarse  sandy  clay. 

Smooth  darlc  brown  clay. 

Light  blue  clay,  with  very  fine  sand. 

Dark  brown  sandy  clay. 

Coarse  sandy  clay. 

Smooth  light  blue  clay,  with  very  fine  sand. 

Sand  and  clay. 

Coarse  friable  sandstone. 

Same  as  35. 

Decomposed  trap  rock. 

Same  as  37.  This  surface-rock  is  quite  soft  from 
exposure,  but  the  bed-rock  below  Is  very  hard. 

Similar  to  37. 


In  regard  to  the  thickness  of  the  overlying  stratum  of  earth,  we  found  this  to  depend,  in  any 
given  part  of  the  hue,  on  the  distance  to  the  nearest  hills.  On  the  crests  of  the  fidges,  where  the 
rock  frequently  cropped  out,  the  thickness  of  earth  averaged  about  5  feet.  lu  the  intervening  val¬ 
leys  it  increased  to  10  or  15  feet,  and  in  the  bottom-lands  it  would  be  20  or  more. 

Above  the  junction  of  the  Doguado  the  earth  rarely  exceeds  10  feet  in  depth.  In  the  swampy 
lands  near  the  Atrato  no  approximation  to  the  thickness  of  the  overlying  earth  has  been  at¬ 
tempted. 

Wherever  we  found  outcrops  of  the  bed-rock,  which  were  frequent  on  the  river-banks,  it  pre¬ 
sented  uniform  characteristics.  It  was  invariably  in  a  state  of  great  disintegration,  splitting  up 
irregularly  into  small  fragments,  often  so  soft  as  to  resemble  clay.  On  the  faces  of  high  cliffs  the 
rock  is  continually  breaking  away  and  tumbling  down  in  large  masses. 

In  some  places  I  observed  quite  distinct  traces  of  stratiheation,  as  though  the  rock  were  meta- 
morphic,  but  generally  it  x>reseuted  that  irregular  seamy  appearance  known  as  the  distinguishing 
characteristic  of  a  trappean  formation. 

When  worn  and  polished  by  water,  as  in  the  river-beds,  this  rock  appears  very  hard.  In  such 
cases  it  frequently  is  Ught-colored,  resembhng  sandstone  in  appearance. 

SECTION  vn. 


WATER-SUPPLY  AND  AQUEDUCT  FROM  THE  RIO  CUIA. 

The  essential  question  of  the  adequacy  of  the  water-supply  received  our  most  careful  attention. 

Immediately  upon  arriving  at  the  junction  of  the  Napipi  and  Merindo  Eivers,  where  head¬ 
quarters  were  established  on  the  13th  of  February,  careful  observations  of  the  volume  of  the 
Napipi  immediately  below  the  junction  were  commenced  and  continued  daily,  with  but  few  inter 
ruptions,  till  the  27th  of  April.  The  manner  in  which  these  experiments  were  conducted  will  be 
found  fiiUy  described  in  the  report  of  Lieut.  S.  C.  Paine,  marked  C  in  the  Appendix. 

The  cross-section  of  the  river  was  measured  with  all  possible  accuracy,  all  the  measurements 
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being  referred  to  a  bench-mark  on  the  left  bank  some  10  feet  above  the  water  at  that  period.  From 
this  bench-mark,  by  one  setting  of  the  instrument,  the  relative  level  of  the  water-surface  could  be 
ascertained  to  within  of  a  foot. 

The  velocity  of  the  current  was  measiu'ed  by  a  delicate  tachometer,  made  by  Green,  of  'New 
York,  the  constant  of  which  had  been  determined  by  a  careful  experiment  when  it  was  in  use  in 
Nicaragua.  A  mean  of  several  observations  with  this  instrument  was  generally  taken,  and  the 
area  of  the  stream,  multiplied  by  .84  of  the  velocity  thus  determined,  gave  the  flow  in  cubic  feet  per 
minute. 

Our  observations  extended  through  one  of  the  driest  seasons  ever  known  in  that  section.  By 
reference  to  the  report  on  meteorology  (C,  Appendix),  it  will  be  seen  that  during  fifty-four  days 
only  2,2  inches  of  rain  fell.  The  water-supply,  as  determined  by  us,  may  therefore  be  safely 
accepted  as  the  minimum. 

As  it  soon  became  evident  that  the  Xapipi  alone  would  afford  a  totally  insufficient  supply,  I 
took  the  earliest  opportunity  to  run  a  line  of  levels  to  the  Cuia  River,  for  the  purpose  of  obtaining 
data  for  estimating  the  (*ostof  an  afpieduct  to  feed  the  canal  from  that  stream.  Such  a  feeder  had 
been  proposed  by  Commander  Selfridge,  and  under  his  direction  a  line  of  levels  had  been  run  in 
1873  by  Lieutenants  Eaton  and  Sullivan,  from  the  Cuia  to  the  Najupi,  at  a  point  a  few  miles  below 
the  junction  of  the  Merindo.  This  survey  had  demonstrated  the  practicability  of  feeding  from  the 
Cuia.  It  remained  for  us  to  make  such  fiirther  surveys  as  would  afford  data  for  estimating  the 
character  and  cost  of  the  necessary  works. 

Such  a  survey  was  accordingly  made,  mainly  by  Ensign  Barroll,  under  circumstances  of  great 
diflBculty.  It  is  unnecessary  to  describe  the  siuwey  in  detail.  It  followed  the  lowest  ground  that 
could  be  found  leading  toward  the  Cuia,  and  at  a  point  about  midway  between  the  two  rivers 
joined  the  line  of  the  suiwey  of  1873,  which  gave  the  line  of  levels  from  river  to  river  desired. 
But  the  survey  of  1873  had  tbllowed  the  native  trail,  and  wtus,  therefore,  for  much  of  the  way,  on 
the  highest  ground  rather  than  the  lowest.  All  the  time  we  could  spare  was  therefore  spent  in 
running  up  the  valleys  on  either  side  of  the  divide  to  obtain  the  lowest  profile. 

In  projecting  the  line  for  the  iwiueduct,  after  the  surveys  had  been  iflotted,  it  was  found  advis¬ 
able  to  deviate  considerably  from  tlie  line  of  survey.  But  wherever  these  deviations  occur  the 
height  has  been  assumed  to  be  such  as  to  require  tunneling. 

The  works  necessary  for  this  aqueducjt  will  be  easily  understood  by  the  following  description 
and  an  examination  of  the  i)rofile  showui  in  Plate  IV  and  the  general  map. 

Immediately  below  the  juiiciion  of  the  Salado  w  ith  the  Cuia  a  dam  is  to  be  thrown  across  the 
latter.  It  is  to  extend  diagonally  across  the  river  from  one  ro(*ky  blutf  to  another.  Its  total  length 
on  the  crest  will  be  770  feet  and  on  the  foundation  730  feet.  Its  total  height  will  be  17  feet,  and 
it  will  raise  the  waters  of  the  Cuia  0  feet  above  dry -season  stage,  which  will  give  a  working  head 
of  14  feet  above  the  summit-level  of  the  canal.  The  actual  difference  of  level  between  the  dry-sea¬ 
son  levels  of  the  Napipi  and  Cuia  is  30  feet,  and  the  dam  of  25  feet  on  the  Napipi  leaves  a  margin 
of  5  feet  to  add  to  the  9  feet  to  w  hicli  the  Cuia  is  to  be  raised. 

This  dam  proposed  for  the  Cuia  is  so  similar  to  that  for  the  Napipi,  that  a  detailed  description 
is  unnecessary.  Its  cost  is  estimated  at  5^71,299. 

The  cut  for  the  aqueduct  commences  on  the  Salado  about  4,000  feet  from  the  dam.  An  open 
cut  is  continued  for  2,900  feet,  and  then  a  tunnel  5,800  feet  long  carries  the  aqueduct  under  the 
main  divide  between  the  Cuia  and  Napiiii  and  brings  it  out  in  the  valley  of  a  small  tributary  of  the 
latter  called  the  Cuita.  In  the  valley  of  this  tributary  a  second  basin  is  to  be  formed  by  a  short 
dam,  situated  as  show  n  on  the  mai),  and  for  w  hich  estimates  will  be  found  in  the  synopsis  under 
the  head  of  Dam  No.  2.  To  reach  this  basin  from  the  tunnel  just  described  a  cut  of  2,800  feet  is 
necessary.  To  carry  these  w  aters  to  the  main  basin,  w  e  have  then  to  pierce  the  di^ide  between  the 
Cuita  and  Merindo,  for  w  hich  purpose  3,020  feet  of  open  cutting  and  3,430  of  tunnel  are  required. 
From  these  w  e  have  the  follow  ing  as  the  total  length  of  the  feeder-line  requiring  excavation ; 

Feet. 

Open  cut . 7,720 

Tunnel .  9, 230 

Total . .  16,950 
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Or  about  3.2  miles.  A  fall  of  14  feet  in  3.2  miles  gives  a  gradient  of  4.3  feet  to  the  mile,  and 
the  mean  velocity  of  its  current  will  be  4.28  feet  per  second,  which  would  be  excessive  were  it  not 
for  the  fact  that  the  cutting  is  entirely  in  rock. 

For  the  best  form  and  dimensions  required  to  deliver  12,000,000  cubic  feet  daily  with  the  given 
head  I  am  indebted  to  Mr.  Menocal.  The  cut  is  to  be  6.5  feet  wide  at  the  bottom  and  the  sides  to 
8loi)e  1  to  1  to  a  height  of  3.5  feet,  which  will  be  the  depth  of  water  when  that  in  the  basin  stands 
level  with  the  crests  of  the  dams.  Under  these  circumstaiiees  the  actual  capacity  of  the  acpieduct 
will  be  150  cubic  feet  per  second,  or  12,960,000  cubic  feet  daily.  Where  tunneling  is  required,  the 
form  of  transverse  section  consists  of  the  trapezoidal  section  just  described,  surmounted  by  a  semi¬ 
circular  arch.  This  gives  a  total  height  of  10.25  feet  by  a  width  of  w  ater-surface  of  13.5.  In  a 
tunnel  of  such  small  dimensions  it  has  been  assumed  that  the  rock  wiU  sustain  itself  without 
lining. 

Mr.  Menocal  estimates  the  probable  loss  from  evaporation  and  filtration  in  this  aqueduct  at 
75,000  cubic  feet  daily. 

The  cost  of  this  aqueduct  may  be  summed  ux>  as  follows : 


Excavjitiou,  open  cut . . . .^134, 139 

Excavation,  tunnel .  291,528 

Dam  No.  2,  across  the  Cuita .  51, 760 

Dam  No.  3,  across  the  Cuia .  71,299 


Total . . $548,726 


I  wiU  now  present,  in  the  form  of  a  table,  the  result  of  our  observations  and  calculations  as  to 
water-supply. 

The  first  column  of  the  table  shows  the  date ;  the  second,  the  observed  flow  of  the  Napipi;  the 
third,  the  estimated  delivery  of  the  feeder ;  the  lourth,  the  two  added  together,  as  the  total  daily 
supply. 

The  daily  delivery  of  the  aqueduct  was  thus  estimated.  The  few  cross-sections  of  the  Cuia  that 
we  were  able  to  obtain  showed  it  to  be  about  equal  to  the  Napipi  in  volume.  Whenever,  therefore, 
the  flow  of  the  Napipi  exceeds  12,000,009  cubic  feet  daily,  the  aqueduct  is  supposed  to  be  bringing 
its  full  capacity  from  the  Cuia.  Whenever  the  Nai)ipi  falls  below  12,000,000,  the  aqueduct  is  sup¬ 
posed  to  bring  the  whole  flow  of  the  Cuia,  which  is  assumed  as  equal  to  that  of  the  Napipi.* 


Table  showing  the  minimum  water-supply.  From  observations  during  the  months  of  February ^  Marchj  and  April,  1875.  . 


(Lieut.  S.  C.  Paine,  U.  S.  N.,  observer.)* 


Date. 

Observed  flow 
ofNapipi. 

Estimated  de¬ 
livery  of  aque¬ 
duct. 

Total  daily  sup- 

piy- 

Date. 

Observed  flow 
of  Napipi. 

Estimated  de¬ 
livery  of  aque¬ 
duct. 

Total  daily  sup¬ 
ply. 

12. 143, 050 

12, 000, 000 

24. 143,  050 

Mar.  29 

7,  778, 120 

7, 778, 120 

15, 570, 240 

14 

13, 866, 410 

12,  000,  000 

2.5,  866,  410 

30 

7,  785, 120 

7,  785, 120 

15,570,240 

15 

12, 945, 410 

12,  000,  000 

24, 1M5,  410 

31 

7,  7a5. 120 

7,  785,  120 

15,  570,  240 

16 

14,267,930 

12,  000,  000 

26,  267,  930 

Apr.  1 

7,  785,  120 

7,  785, 120 

15,  570, 240 

17 

12, 007, 010 

12,  000,  000 

24,  007,  010 

2 

7,  776,  440 

7,  776,  440 

15,  552,  880- 

18 

11, 118, 940 

11, 118,  940 

22,  237,  880 

3 

7.  344,  240 

7,  344,  240 

14,688,480 

19 

12;  882, 050 

12,  000,  000 

24,882,050 

4 

7,  344,  240 

7,  344,  240 

14,  688, 480 

20 

11, 007, 380 

11,  007,  380 

22,014,770 

5 

7,  344,  240 

7,  344, 240 

14,  C88,  480 

.  21 

11,007,380 

11,  007,  380 

22,  014,  770 

6 

7,  200,  000 

7, 200,  000 

14, 400,  000 

22 

10, 848,  460 

10,  K48,  4  (JO 

21,  COO.  520 

7 

6,  552,  000 

6,  552,  000 

13, 104,  000 

28 

10,  890,  620 

10,  890,  620 

21,  781.  240 

8 

6. 192,  000 

6, 192,  000 

12,  384,  000 

24 

10, 895, 830 

10, 895.  aso 

21,791,660 

9 

.5,  814,  960 

5,  814,  960 

11,  629,  920 

26 

10, 846, 820 

10,  846,  820 

21,  693,  640 

10 

8, 160,  000 

8, 160,  000 

16, 320,  000 

20 

10, 327.  940 

10,327,940 

20,  (>r..5,  880 

11 

'  267,  960,  060 

12,  000,  000 

279,  960,  960 

97 

9, 883, 150 

9,  883,  150  1 

19,706,300  1 

1  12 

1  28,  067. 480 

12.  000,  000 

40,  067, 480 

28 

9, 883, 15U 

9,883,150  1 

19,766,300 

13 

20,  100,  000 

12.  000,  000 

38, 160, 000 

Him,  1 

8, 947, 200  1 

8,947,200 

17,  894,  400 

'  14 

1  57,  757,  680 

12,  000,  000 

69,  757, 680 

2 

8,916,720 

8,916,720  [ 

17,  833,  444 

15 

'  78,  960,  000 

12,  000,  000 

90.960,000 

8 

8, 885, 420 

8,885,420  1 

1  17,  770,  840 

1  1® 

'  98,967.890  | 

12,  000,  000 

110, 967, 880 

.  4 

8,411,760 

8,411.760  ' 

16,  823,  520 

17 

1  36,319,680 

12,  000,  000 

48,  319,  680 

5 

8,411,700 

8,411,760 

1  16,  823,  520 

‘  18 

'  .52,  560,  000 

12.  000,  000 

64, 560, 000 

6 

8, 382, 240 

8,  382,  240 

16,  704,  480 

19 

(:7.  a52,  800 

12, 000,  000 

79, 852,  800 

7 

8,882. 240 

8,  382,  240 

16,  764.  480 

20 

*  20,160,000 

12,  000, 000 

32, 160,  000 

8 

8,882,240 

8,  382,  240 

16,  764, 480 

]  21 

12, 263,  040 

12,  000,  000 

24, 263, 040 

8,382,240 

8,  382,  240 

16,764,480 

22 

11,520,  000 

11,  520,  000 

23,  040, 000 

10 

8,882,240 

8, 382,  240 

16,  764, 480 

23 

10, 787,  040 

10,  787,  040 

21.  574. 080 

Koob 

•ervatione 

10th  to  26th, 

24 

22, 275,  360 

12,  000,  000 

34, 275, 360 

26 

8,681,280 

8,  681, 280 

17,  360,  560 

25 

,  18,  960,  000 

12,  000,  000 

30,  960, 000 

27 

8,217,840 

•  8,  217,  840 

16,  43.5,  680 

26 

15, 600,  000 

12, 000,  000 

27,600,000 

28 

7,785,120 

7,  785, 120 

15,  570,  240 

27 

1  12, 199, 680 

1  12,000,000 

24, 199, 680 

*  It  wiH  be  obeeryed  that  in  these  calculations  the  Cuia  only  is  taken  iuto  account.  The  plan  for  the  feeder 


proposes  to  utilize  the  flow  of  the  Cuita  also.  The  flow  of  this  may  safely  be  assumed  as  never  less  than  500,000  onbio 
feet  daily,  which  amount  must  be  amply  suflicient  to  cover  all  losses  and  leave  a  wide  margin. 
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The  above  table  shows,  as  billy  as  need  be,  the  water-supply  that  can  be  counted  upon  with 
certainty  during  the  driest  seasons.  In  addition,  there  is  the  reserve  in  the  tliree  basins,  that  can 
be  drawn  upon  when  required.  This  reserve  I  estimate  roughly  (for  I  have  no  data  for  an  exact 
statement)  at  150,000,000  cubic  feet. 

In  case  of  necessity,  there  remains  as  a  final  resort,  the  river  Opogado,  next  to  the  northward 
of  the  Napipi.  No  survey  has  ever  biicn  made  between  these  two  rivers,  but  from  general  knowl¬ 
edge  of  the  topography  of  the  locality,  and  the  results  of  our  survey  to  the  Cuia,  I  should  say  that  it 
is  altogether  probable  that  an  aipiednct  could  be  constructed  from  the  Opogado  at  a  cost  not  exceed¬ 
ing  $1,000,000,  and  that  12,000,000  cubic  feet  daily  at  the  lowest  estimate  could  be  counted  upon. 
1  give  these  merely  as  suppositions.  They  must  be  taken  only  for  what  they  may  be  m orth. 

The  question  of  water-supply,  without  recourse  to  the  Opogado  at  least,  1  consider  very  fairly 
settled.  The  question  of*  the  adequacy  of  this  supply  1  have  not  been  able  to  answer  with  any 
satisfaction  to  myself.  .  Not  only  is  the  amount  of  shipping  that  would  seek  the  canal  altogether 
uncertain,  but,  granted  that  we  knew  with  reasonable  accuracy  the  tonnage  to  be  ac‘commodat(‘.d, 
the  amount  of  water  it  would  require,  would  depend  very  much  on  the  shape  in  which  it  should 
present  itself. 

The  projected  locks  will  accommodate  with  ease  a  ship  of  5,000  tons,  or  two  of  2,000  each,  or 
three  or  four  small  craft.  If,  therefore,  the  shipping  should  present  itself  in  such  a  way  that 
the  full  capacity  of  the  locks  could  be  utilized,  it  would  require  to  accommodate  the  3,000,000  tons 
that  it  is  supposed  would  pass  through  the  canal  yearly*  an  average  of  only  about  2,500,000  cubic 
feet  of  water  daily.  Losses  from  all  cause's  are  not  for  the  present  considered.  If,  on  the  other 
hand,  the  vessels  should  be  mainly  of  small  size,  and  should  i)resent  themselves  for  passage  singly, 
the  same  tonnage  would  require  three  or  four  times  that  amount  of  water. 

If  we  may  assume  that  on  an  average  1,000  tons  of  shipiiing  will  pass  through  at  each  lockage, 
we  may  calculate  as  follows  for  double  the  amount  of  tonnage  just  mentioned,  that  is  to  say,  for 
6,000,000  tons  yearly. 

It  requires  no  argument  to  show  that  in  a  canal  fed  exclusively  from  the  summit,  and  without 
devices  for  saving  water  at  tlie  flights  of  lo(?ks,  economy  in  the  expenditure  of  water  requires  that 
ships  should  pass  in  either  direction  in  trains.  Such  an  arrangement  would  be  convenient  and, 
perhaps,  necessary  on  other  considerations,  and  I  will  proceed  on  the  supposition  that  an  arrange¬ 
ment  to  pass  eight  ships  of  1,000  tons  each  (that  being  assumed  as  the  average  amount,  whether  in 
one  or  more  vessels)  in  each  direction  daily  is  in  operation. 

The  first  ship  passing  to  the  westward  would  find  the  Atlantic  locks  empty,  they  having  been 
so  left  by  the  last  ship  passing  eastward,  and  at  each  of  these  locks  she  would  require  one  lockful  of 
water,  which  must,  of  course,  be  drawn  from  the  summit.  On  i)assingiuto  the  Pacific  locks,  she  would 
find  them  all  full,  and  from  the  summit-lock  she  would  send  back  into  the  summit-level  a  quantity 
of  water  equal  to  her  displacement,  and  descend  to  the  Pacific  without  further  draft  on  the  supply 
Her  successors  i)assing  in  the  same  direction  would  find  these  (ionditions  reversed.  They  would  find 
the  AtlaiUic  locks  full,  and  would  ascend  to  the  summit  with  the  expenditure  of  one  lockful  of  water 
each.  They  would  find  the  Pacific  locks  empty,  and  would  descend  with  one  lockful  e^h,  less 
displacement.  The  eight  ships  passing  to  the  westward  would,  therefore,  have  expended  19  Atlantic 
lockfuls  plus  7  Pacific  lockfuls,  less  their  aggregate  displacement.  These  having  passed,  the 
transit  of  those  bound  eastward  would  begin.  The  first  of  these  would  find  the  Pacific  locks  empty, 
and  would  require  each  one  lockful.  She  would  find  the  Atlantic  locks  full  and  would  send  b«ack  a 
quantity  equal  to  her  displacement,  and  descend  without  draft  on  the  supply.  Her  successors, 
finding  these  conditions  reversed,  would  ascend  with  one  lockful  each  and  descend  with  one  lockful 
each,  less  displacement. 

This  may  be  tabulated  and  rendered  clearer  as  follotV  s,  letting  I  equal  the  quantity  required 

^  See  page  Keport  of  Coumiauder  Selfridgo. 
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to  fill  an  Atlantic  lock,  V  the  quantity  required  to  fill  a  Pacific  lock,  and  d  the  average  displace¬ 
ment  : 


• 

Direction  in  which  hound. 

Atlantic. 

Pacific. 

First  vessel  paasing  westward . 

Seven  following  successively . 

m 

0  -  d 

71 

7V-7d 

Expenditure  for  eight  vessels  westward . 

m 

7V-Sd 

1  First  vessel  passing  eastward . 

0  —  d 

1  Seven  following  successively . 

7l-7d 

]  71' 

I  Expenditure  for  eight  vessels  eastward . 

7l-Sd 

17  V 

1  Daily  expenditure  for  eight  vessels  each  way . 

2Gl-Sd 

1  24V-Sd 

It  becomes  evident,  from  an  inspection  of  this  table,  that  economy  in  expenditure  of  water 
would  result  from  passing  as  many  vessels  as  possible  in  the  same  direction  consecutively.  It 
would  be  advantiigeous,  then,  as  far  as  water  is  concerned,  to  set  apart  alteruate  days  for  passing 
in  either  direction.  On  this  supposition  the  expenditure  for  sixteen  ships  will  become  as  follows: 


Direction  in  which  bound. 

Atlantic. 

Pacific.  ^ 

First  vessel  passing  westw’ard . 

121 

0  -  d 

Filteen  following  successively . 

152 

15V-15d 

Expenditure  for  sixteen  vessels  westward . 

271 

152'-16d 

First  vessel  passing  eastw'ard . 

0  -  d 

102' 

Fifteen  following  successively . 

15  2- 15  d 

152' 

Expenditure  for  sixteen  ves.sels  eastward . 

152-16d 

252' 

Daily  average  for  sixteen  ves.sels . 

212-  8d 

202'-  8d| 

The  expression  for  the  expenditure  for  sixteen  vessels  either  way  on  alternate  days  becomes 
21?  + 20Z'-16d. 

In  this  expression,  the  value  of  I  =  247,200  cubic  feet.  The  value  of  V  =  357,600  cubic  feet. 
The  value  of  d  is  supposed  to  average  32,260  cubic  feet.  Substituting  these  values,  we  have 
5,191,200  +  7,152,000  —  516,160  =  11,827,040  cubic  icet  as  the  daily  expenditure  of  water  for  6,000,000 
tons  of  shii>ping  yearly. 

The  above  calculations  are  founded  on  the  supposition  that  the  shipping  seeking  passage 
should  present  itself  in  equal  portions  on  each  side  daily  throughout  the  year.  No  such  favorable 
conditions  could  obtain  in  actual  i>ractice ;  and  it  would  also  be  an  essential  factor  in  any  reliable 
estimate  of  the  adequacy  of  the  water-supply  to  know  the  distribution  of  the  shipping  according 
to  months.  In  all  months  of  tlie  year,  excej)t  March,  April,  August,  and,  perhax>s,  September,  the 
supply  would  be  ample  for  all  possible  demands.  It  would  therefore  be  essential  to  know  whether 
the  press  of  business  would  be  likely  to  occur  during  these  months,  or  whether  the  monthly  average 
would  be  practically  the  same  the  year  round. 

And  How  there  remains  to  be  considered  a  still  more  uncertain  element  in  our  calculations — 
that  of  waste^  from  all  causes.  The  evaporation  may  be  closely  approximated  from  the  experiments 
of  Commander  Selfridge,*  and  in  that  moist  climate  it  is  not  of  great  moment.  Five  hundred  thou¬ 
sand  cubic  feet  daily  would  bo  a  liberal  allowance  for  waste  from  this  cause.  But  I  am  totally  at 
a  loss  to  estimate  the  waste  from  leakage  and  filtration.  With  the  canal  mainly  in  rock  and 
impervious  clays,  and  with  all  locks,  culverts,  and  dams  of  solid  hydraulic  concrete,  the  loss  from 
these  causes  should  be  reduced  to  a  minimum.  But,  having  shown  the  supply  that  may  be  relied 
upon,  and  the  probable  demand  for  passing  ships,  I  will  leave  the  question  as  to  whether  the  mar¬ 
gin  is  sufficient  to  cover  probable  losses  to  those  more  comx)etent  to  decide  it. 

It  should  not,  however,  it  seems  to  me,  be  forgotten  that,  as  pointed  out  by  Commander  Lull, 
in  a  canal  with  as  many  deep  cuts  as  has  the  one  in  question,  more  water  would  be  likely  to  filter 
into  the  canal  than  out  of  it. 

•Those  gave  a  mean  of  0.20  of  an  inch  in  24  hours.  The  experiments  of  Captain  Shufeldt  at  Tehaimtepec  agree 
closely  with  this,  showing  0.19  of  an  inch  daily.  (See  page  87,  Report  of  Commander  Selfridge.) 
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SECTION  vni. 

METEOROLOGY  AND  CLIMATE. 

It  is  unnecessary,  for  the  purposes  of  this  report,  to  enter  into  any  extended  discussion  of  the 
questions  arising  under  these  heads. 

During  our  entire  stay  meteorological  observations  were  conducted,  with  such  instruments  as 
we  hiul  at  hand,  under  the  supervision  of  Lieutenant  Paine,  and  he  has  prepared  a  report  (see 
Appendix  C  and  Plate  IX)  in  which  the  results  are  presented.  No  attempt  has  been  made  to 
discuss  the  data  acquired.  It  is  presented  simply  as  obtained,  in  the  hope  that  it  may  be  found 
interesting  and  perhaps  valuable  to  specialists  in  that  science,  as  meteorological  data  concerning 
that  region  must  be  much  wanted. 

The  observations  of  a  thermometer  exposed  to  the  sun  may  be  of  interest  as  showing  the  heat 
to  which  laborers  would  be  exi)osed.  The  observations  gave  a  mean  of  97^  Fahr.  as  the  ihidday 
temperature;  the  minimum  being  820and  the  maximum  114^.  It  should  be  stated,  however,  that 
1140  was  the  limit  to  the  graduation  of  our  thermometer,  and  on  one  or  two  occasions  it  appeared 
that  the  mercury  would  have  gone  higher  if  permitted.  The  prevailing  winds  at  the  junction  of 
the  Napipi  and  Merindo,  during  our  entire  stay,  were  from  the  southward ;  exactly  opposite  to  the 
direction  from  which  we  had  expected  them.  On  the  Atrato  they  prevailed,  as  would  naturally  be 
siqiposed,  from  the  northward.  At  the  junction,  at  a  height  of  loO  feet  above  the  sea-level,  we  had 
daily  a  refreshing  breeze  from  the  southward,  springing  up  about  10  a.  m.  and  frequently  lasting 
till  sundown.  I  have  never  known  a  gale  during  the  three  seasons  I  have  spent  in  that  vicinity. 
In  fact,  I  cannot  now  recall  an  instance  of  a  violent  squall  even. 

During  our  stay,  from  the  13th  February  to  28th  April,  a  total  of  10.42  inches  of  rain  fell, 
distributed  as  follows: 


Inches. 

Inches. 

Feb.  15 . 

.  0. 04 

Apr.  19 . . . 

....  0.48 

23.. . 

.  0. 66 

21 . 

...  0. 15 

Mar.  10 . 

23 . 

....  0.34 

19 . 

.  0. 04 

24 . 

...  0. 15 

20 _ 

.  0. 31 

25 . 

....  0. 44 

22 . 

.  0.71 

26 . 

...  0. 04 

Apr.  9 . 

.  0.25 

27 . 

....  0.16 

11 . 

.  1.84  1 

28  . 

....  0. 20 

14  . 

0  61 

16. . 

.  3.16 

Total . 

.  10.42 

18 . 

. .  0.56 

It  will  be  seen  that  during  74  days  during  which  observations  were  taken,  rain  fell  on  19  days, 
and  that  up  to  the  9th  of  April  (which  date  may  be  taken  as  marking  the  commencement  of  the 
rainy  season  in  this  case)  rain  fell  on  6  days  only  out  of  55.  Of  the  entire  observed  rainfall,  8.18 
inches  fell  during  the  last  20  days — by  far  the  greater  part  of  this  fell  during  the  night.  In  general 
no  such  period  of  drought  occurs,  and  the  natives  told  me  that  in  the  year  preceding  there  was  no 
distinctly  marked  dry  season  at  all. 

As  a  rule,  however,  two  well-marked  dry  seasons  occur,  with  corresponding  periods  of  rain. 
January,  February,  and  March  are  the  months  which  constitute  the  driest  and  pleasante^^t  season. 
In  April  the  rains  commence,  and  in  May  and  June  they  are  very  heavy.  In  July  a  second  dry 
season  begins  to  set  in,  and  August  and  September  are  generally  pleasant.  In  Oct4)ber  rains 
again  commence,  and  in  November  and  December  they  are  at  their  heaviest. 

Briefly,  then,  five  mouths  of  the  year  may  be  called  dry  and  seven  wet,  while  occasional  years 
may  be  expected  with  little  or  no  dry  season  at  aU. 

CLIMATE. 

Eegarded  from  a  sanitary  point  of  view,  it  would  appear  that  this  climate  is  quite  as  healthy 
as  any  within  the  tropics.  A  discussion  of  the  question  will  be  found  in  the  report  of  Assistant 
Surgeon  Norfleet,  marked  D  in  the  Appendix.  Prom  that  it  will  be  seen  that  up  to  the  time  work 
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was  begun  in  the  swamps  the  health  of  the  members  of  the  exi>e(litioii  was  uniformly  good.  The 
number  of  “  sick  days  ”  in  his  rei)ort  seems  large,  but  this  is  accounted  for  by  the  fact  that  one 
man  was  disabled  during  almost  the  whole  of  our  stay  by  a  cutaneous  disea^se  that  could  not  fairly 
be  laid  to  the  charge  of  the  climab*,  while  another  placeil  himself  hors  du  combat  for  a  considerable 
period  by  gnitifying  his  craving  for  liquor  with  raw  alcohol  supplied  for  a  different  puri)08e. 

With  the  exception  of  a  strip  some  five  or  six  miles  wide  near  the  Atrato,  I  consider  that  the 
projected  line  lies  through  a  healthy  region.  In  the  more  elevated  portions  of  the  route,  as  above 
the  junction  of  the  Merindo,  the  climate  during  the  dry  months  is  simply  delightful.  Those  mem¬ 
bers  of  the  expedition  whose  labors  were  confined  to  that  section  escaped  all  serious  sickness. 

The  experience  of  all  the  expeditious  goes  to  show  that,  with  good  food,  good  shelter  at  night, 
flannel  clotlies,  and  proper  attention  to  cleanliness,  men  can  endure  great  labor  in  that  country. 
It  was  only  when  the  exigencies  of  the  survey  prevented  the  fulfillment  of  those  conditions  that 
sickness  resulted.  I  do  not  see  why,  during  the  construction  of  a  canal,  they  may  not  all  be  ful- 
filleil  niiich  more  effectually  than  our  circumstances  permitted. 

Attention  to  these  details  woidd  be  of  paramount  importance  anywhere  within  the  tropics. 
The  laborers  must  be  well  clothed,  well  fed,  and  well  sheltered  in  quarters  situated  with  special 
reference  to  sanitary  conditions  rather  than  convenience  in  getting  to  and  from  work.  Commo¬ 
dious  hospitals  must  be  provided,  the  little  ailments  promptly  treated,  and  time  for  rest  and 
recuperation  after  illness  allowed ;  opportiinitj"  to  indulge  in  spirituous  liquors  to  excess  must  not 
be  alloweil,  and,  in  a  word,  the  laborers  must  be  treated  as  men  worth  caring  for;  otherwise  the 
opening  of  a  canal  on  any  one  of  the  projected  lines'will  rc^quire  as  many  thousands  of  lives  as 
millions  of  dollars. 

SECTION  IX. 

MATERIALS  FOR  CONSTRUCTION. 

As  the  jirojected  canal-line  lies  through  an  almost  unbroken  primeval  wilderness,  and  as  our 
observations  extended  over  a  very  limited  areii,  our  knowledge  of  its  capabilities  of  affording  the 
reqiusite^'materials  for  the  construction  of  the  canal  and  its  appurtenances  is  very  imperfect.  We 
know,  however,  that  the  etitire  country,  with  the  exception  of  the  swamps,  is  well  covered  with  heavy 
timber  of  many  varieties,  some  of  which  are  of  great  beauty  and  value.  I  obtained  some  thirty 
specimens  of  the  finer  vsorts  of  wood,  a  list  and  description  of  which  will  be  found  in  the  Appen¬ 
dix,  marked  H. 

So  far  as  timber  is  concerned,  there  can  be  no  doubt  that  an  abundance  of  every  needful  variety 
would  be  found  immediately  at  hand. 

As  regards  the  existence  of  the  necessary  stone,  clay,  sand,  &c.,  in  the  absence  of  more  defi¬ 
nite  information,  in  addition  to  what  has  been  already  given  in  the  description  of  the  strata  requir¬ 
ing  excavation,  I  can  do  no  better  than  quote  from  the  reimrt  of  the  geologist  who  accompanied 
Lieutenant  (now  Brigadier-General)  Michler  on  his  survey  of  the  Truaudo  in  1857. 

The  Ti*uando  is  a  tributary  of  the  Atrato,  similar  to  the  Napipi,  and  about  80  miles  to  the 
northward.  While  it  is  by  no  means  certain  that  the  geological  structure  of  the  two  sections  is 
identical,  I  see  no  reason  for  supposing  that  it  should  be  very  difterent.  The  geologist  of  the  Tru- 
ando  expedition  says : 

In  regard  to  the  probable  degiee  of  development,  and  the  rebpective  extent  of  each  of  the  strata  constituting  the 
Isthmus,  we  are  not  able  to  go  beyond  certain  eonjeetur(*s,  especially  in  resi)eet  to  its  western  portion. 

So  far  as  sedimentary'  strata  are  concerned,  a  proposed  cutting  through  will  meet  with  no  serious  obstacle,  whilst 
at  the  same  time  this  section  will  furnish  choice  material  for  building  purposes.  Calcareous  rock  may  be  expecn*d 
almost  to  a  certainty  within  the  bounds  of  the  Tertiary  and  secondary  formations,  whilst  the  Quaternary'  and  allu¬ 
vium  in  general  will  readily  furnish  plastic  clay  and  clean  drift-sand.  Heavy  rock  for  foundations  and  cyclopean  work 
generally'  wiU  be  furuishe<l  by  the  Trappean  aeries.  Mat^^rial  of  this  kind  may  be  found  of  every  degree  of  hardness 
and  gravity  within  the  limits  of  the  Sierra  de  los  Saltos;  that  is,  from  the  head  to  the  foot  of  the  Truando  Falls.  [It 
appears  to  bo  the  main  bed-rook  all  along  the  Napipi  line. — F.  C.]  *  *  *  The  schistose  nature  of  this  rock  w  ould 

greatly'  assist  not  only  in  blasting,  but  even  in  laboring  with  the  pickax.* 

As  already  stated,  the  mass  of  the  soil  along  the  line  is  a  stiff,  tenacious,  impervious  clay,  gen¬ 
erally  free  from  sand,  and  admirably  adaptetl  to  embankments.  On  the  Pidagado  and  in  other 

•See  page  172,  Report  of  Lieutenant  Michler. 

S.  Ex.  75 - 12 
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places  we  found  a  very  smooth  blue  clay  that  would  make  most  excellent  puddle.  Near  the  mouth 
of  the  Merindo  there  are  banks  of  a  fine  whitish  clay,  used  by  the  natives  in  the  manufacture  of  * 
pipes  for  smoking  tobacco  and  in  rude  attempts  at  pottery. 

SECTION  X. 

HARUORS. 

I  was  not  directed  in  my  instructions  to  seek  for  any  additional  data  bearing  on  the  question 
of  harbors,  and  have  none  to  present.  I  consider  them  merely  to  arrive  at  an  estimate  of  the  cost 
of  such  improvements  as  they  may  require,  as  an  item  in  the  sum  total  required  for  a  canal  by  this 
route. 

It  is  evident  from  an  examination  of  the  chart  of  the  Gulf  of  Urabii,  given  in  the  report  of 
Commander  Selfridge,  that  it  is  as  fine  and  commodious  a  harbor  as  could  be  desired.  As  a  har¬ 
bor,  it  requires  no  outlay,  but  a  channel  must  be  kept  open  through  the  bar  at  the  mouth  of  the 
Atrato,  if  that  river  is  to  be  made  use  of  as  is  proposed  in  the  canal  scheme  now  under  con¬ 
sideration. 

The  question  of  the  practicability  of  preserving  an  open  channel  through  this  bar  by  the  con¬ 
struction  of  parallel  piers  or  jetties  to  confine  the  current  docs  not  need  to  be  discussed  here.  If 
any  doubts  have  heretofore  existed  as  to  its  practicability,  they  musf  now  be  set  at  rest  by  the  success 
that  has  thus  far  attended  a  similar  operation  at  the  mouth  of  the  Mississippi,  where  the  conditions 
are  altogether  less  favorable  than  at  the  mouth  of  the  Atrato. 

To  arrive  at  an  approximation  of  the  probable  cost  of  this  work,  I  have  estimated  for  parallel 
piers  according  to  a  plan  suggested  by  Mr.  Menocal.  Each  pier  is  to  consist  of  two  rows  of  long 
sheet  piles  30  feet  apart ;  the  space  thus  inclosed  is  to  contain  two  more  rows  of  piles  5  feet  apart 
in  the  direction  of  the  length  of  the  wall  and  10  feet  apart  in  the  direction  of  its  width ;  these  are  to 
be  all  firmly  bound  together  by  longitudinal  and  transverse  stringers,  and  the  whole  space  filled 
with  clay  and  fascines.  Walls  of  this  character  on  either  side  of  the  proposed  channel  would,  it 
is  believed,  result  in  the  formation  of  permanent  banks.  They  would  probably  require  extension 
from  time  to  time. 

A  dam  of  similar  construction  would  be  necessary  to  close  up  such  mouths  of  the  delta  as 
might  be  necessary  to  give  sufficient  scouring  strength  to  the  current. 

For  all  this  work,  and  the  required  dredging,  estimates  will  be  found  in  the  synopsis.  The 
estimates  are,  of  necessity,  very  rough.  The  cost  amounts  in  round  numbers  to  $818,000. 

The  reconnaissance  of  Commander  Lull  and  Lieutenant  Merrill  shows  so  conclusively  that  the 
Atrato  River  requires  no  improvement  from  the  bar  to  the  Napipi,  that  it  is  unnecessary  to  do  more 
than  allude  to  the  subject  here.  It  may  be  well  to  state,  howevw,  that  a  line  of  soundings  across 
the  river,  made  by  Lieutenant  Eaton  opposite  the  i>oint  where  the  canal-line  leaves  the  river, 
showed  30  feet  in  the  channel,  although  the  river  was  then  very  low. 

CHIBI-CHIRI  BAY. 

The  proposed  terminus  on  the  Pacific  side  is  merely  an  indentation  in  the  coast  open  to  all 
winds  from  northwest  to  south-southwest.  The  hydrographic  survey  made  in  1873  by  Lieutenant- 
Commander  Jewell  and  Lieutenant  Norris,  of  the  U.  S.  S.  Tuscarora,  Commander  Geo.  E  Belknap, 
commanding,  affords  the  data  for  arriving  at  an  estimate  of  the  cost  of  the  nec^sary  works  to 
protect  the  entrance  to  the  canal. 

The  bottom  of  the  bay  is  mainly  sand,  and  affords  good  holding-ground.  Violent  gale«  are  of 
extremely  rare  occurrence  in  that  locality,  and  but  little  trouble  would  be  likely  to  be  experienced 
for  the  want  of  a  more  land-locked  harbor  at  this  terminus.  A  very  heavy  surf  rolls  in  on  the 
beach  at  all  times,  rendering  landing  a  hazardous  operation  occasionally.  To  i)rotect  the  entrance 
of  the  canal  from  this  surf,  and  to  afford  a  refuge  for  disabled  vessels,  works  of  considerable  mag¬ 
nitude  would  be  required.  Those  that  have  been  proposed  for  this  purpose  will  be  readily  under¬ 
stood  by  reference  to  Plate  Y.  The  head  of  the  long  pier  lies  in  eight  fathoms  of  water,  and  its 
length  is  3,620  feet.  The  head  of  the  short  pier  lies  in  five  fathoms,  and  its  length  is  1,500  feet. 
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The  distance  between  the  pier-heads  is  600  feet.  The  tops  of  the  piers  are  to  be  10  feet  above  high 
water.  On  the  inside,  they  slope  off  at  a  grade  of  to  1.  On  the  outside,  the  slope  is  curv^ed,  the 
dotted  lines  on  the  plan  marking,  approximately,  the  bottom  width  of  the  structures.  These  piers 
inclose  a  space  beyond  the  26  foot  line  1,700  feet  long  by  an  average  of  500  wide,  giving  an  area  of 
about  18  acres.  The  area  beyond  low-water  mark  has  an  average  width  of  1,000  by  a  length  of 
2,000,  inclosing  an  area  of  about  50  acres.  The  construction  of  the  piers  here  proposed  would 
require  an  enormous  mass  of  material  and  involve  correspondingly  heavy  expense.  A  different 
plan,  involving  much  less  expensive  piers,  might,  of  course  be  adopted;  but  if  the  piers  were  not 
extended  into  deep  water,  it  is  quite  likely  that  the  cost  of  the  dredging  that  would  be  required  to 
form  the  basin  would  be  greater  than  the  saving  on  the  i)ier8.  For  it  would  be  a  matter  of  no 
little  difficulty  to  secure  still  water  in  the  basin ;  and  dredging  where  there  is  any  swell  is  well 
known  to  be  difficult  and  expensive. 

However,  it  is,  of  course,  understood  that  this  is  not  presented  as  anything  more  than  a  possi¬ 
ble  solution  of  the  harbor  question,  and  my  only  idea  has  been  to  arrive  at  such  estimates  as  would 
be  likely  to  cover  the  cost  of  whatever  plan  might  be  adopted. 

I  have  calculated,  somewhat  roughly,  the  contents  of  the  piers  proposed  as  shown  on  the  plate, 
and  find  the  amount  to  be  861,200  cubic  yards.  This  material  will  be  taken  close  at  hand,  from  the 
excavations  of  the  Pacific  slope  and  the  western  end  of  the  tunnel.  The  sums  that  have  been 
allowed  for  the  excavation  of  this  material  are  supposed  to  include  the  cost  of  dumping  it  at  the 
most  convenient  points.  In  allowing,  then,  for  the  cost  of  the  breakwaters,  we  must  consider  what 
additional  sum  will  cover  the  extra  expense  of  dumping  it  exactly  where  wanted  to  give  the  required 
form  to  the  piers.  For  this  purpose,  $2.50  per  cubic  yard  is  supposed  to  be  sufficient.  At  this  price 
the  cost  of  the  breakwaters  becomes  $2,163,000. 

A  light-house  would,  of  course,  be  required  at  each  terminus,  and  for  their  construction  $30,000 
each  has  been  allowed. 

SECTION  XI. 

SYNOPSIS  OF  ESTIMATES. 

Lengths  and  limits  of  divisions. 


Miles. 

Easteni  division,  from  Atrato  to  crossing .  20. 63  . 

Middle  division,  from  crossing  to  tunnel .  4. 81 

Tunnel  division .  3. 50 

Western  division,  from  tunnel  to  Pacific . .  1. 30 


Total  length  of  canal .  30. 24 


ESTIMATED  COST  OF  EASTERN  DIVISION. 

9,049,719  cubic  yards  excavation  in  earth,  at  35  cents . 

4,012,944  cubic  yards  excavation  in  rock,  at  $1.25 . 

1,337,648  cubic  yards  excavation  in  rack,  at  $1.50 . 

3,082,523  cubic  yards  embankment,  at  10  cents . 


Lift-locks — Eastern  Division, 

Lock  No,  1 : 

8,347  cubic  yards  .hydraulic  concrete,  at  $7.75 . 

70  cubic  yards  dressed  .stone  in  miter  sills,  at  $18 . 

Cast-iron  pipes . 

Man-holes . 

Laying  iron  pipes . 

Valves, -gates,  and  machinery . . . 


$3, 167,402 
5, 016, 180 
2,006,472 
308,252 


10, 498, 306 


$64,689 

1,260 

31,968 

7,929 

7,608 

30,000 


143,454 


lA>ck  No,  2 : 

8,347  cubic  yards  hydraulic  concrete,  at  $7.75 .  $64,689 

Other  items  as  in  lock  No.  1 .  78,765 


143,454 
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Lock  No.  3: 

1H,97S  cubic  yards  hydraulic  concrete,  at  17.75 .  $147,  079 

Other  items  as  in  lock  No.  1 .  78,765 


225, 844 


Lock  No.  4 : 

17, 445  cubic  yards  hydraulic  concrete,  at  $7.75 .  .  $1115, 199 

Other  items  us  in  lock  No.  1  .  78, 765 


213,964 


Lock  No.  5 ; 

21,380  cubic  yards  hydraulic  concrete,  at  $7.75 .  $165, 695 

Other  items  as  in  lock  No.  1 .  78, 765 


244,460 


Lock  No.  6 : 

26,065  cubic  yards  hydraulic  concrete,  at  |7.75 . .  $202, 004 

Other  items  as  in  lock  No.  1 .  .  78, 765 


:100,769 


Lock  No.  7 : 

8,347  cubic  yards  hydraulic  concrete,  at  $7.75 . .  $64, 689 

Other  items .  78, 765 


143, 454 


Lock  No,  8 ; 

8,296  cubic  yards  hydraulic  concrete,  at  $7.75 . .  $64, 294 

Other  items . .  78, 765 


143, 059 


Lock  No.  9 : 

24,728  cubic  yards  hydraulic  concrete,  at  $7.75 . . .  $191,642 

Other  items .  78, 765 


270, 407 


Lock  No.  10 : 

41,007  cubic  yards  hydraulic  concrete,  at  $7.75 .  $317, 804 

Other  items . . .  78, 765 


:i9(i,569 


Lock  No.  11 : 

8,296  cubic  yards  hydraulic  concrete,  at  $7.75 .  $64,294 

Other  items .  78,765 


143,059 


Lock  No.  12 : 

8,296  cubic  yards  hydraulic  concrete,  at  $7.75 .  $64,294 

Other  items .  78, 765 


143,059 


Total  cost  of  locks,  Eastoni  Division 


$2,511,552 


Note. — The  cost  of  excavation  for  the  locks  is  allowed  for  in  the  estimates  for  the  division  in  which  they  occur. 
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Culverts — Eastern  Division. 

Culvert  No,  1 : 

17,200  cubic  yards  excavation  in  earth,  at  35  cents .  ^0,  020 

:t9,200  cubic  yards  hydraulic  concrete,  at  $8 .  313,000 


319, 620 


Culvert  No.  2 : 

30,070  cubic  yards  excavation  in  earth,  at  35  cents .  $10, 524 

51,2H0  cubic  yards  hycU'aulic  concrete,  at  $8 .  410, 24o 


420,764 

Culvert  No.  3 : 

14, 050  cubic  yards  excavation  in  earth,  at  :15  cents .  $4, 917 

27,0J0  cubic  yiirds  hydraulic  concrete,  at  $8 .  216, 720 


221,637 

Ctilvert  No.  4 : 

8,360  cubic  yartls  excavation  in  earth,  at  35  cents .  $2, 926 

40,030  cubic  yards  hydraulic  concrete,  at  $8 .  320, 024 


322, 950 

Culvert  No.  5 : 

15,:i30  cubic  yards  excavation  ih  earth,  at  35  cents .  $5, 365 

25,410  cubic  yards  hytlraulic  concrete,  at  $8 .  203,280 


208, 645 

Culvert  No.  6 ; 

16,160  cubic  yards  excavation  in  earth,  at  35  cents .  $5, 656 

16,740  cubic  yards  hydraulic  concrete,  at  $8 . . .  133, 920 


139, 576 

Culvert  No.  7 : 

33, 480  cubic  yards  excavation  in  earth,  at  35  cents .  $11, 718 

28, 100  cubic  yards  hydraulic  concrete,  at  $8 . .  224, 800 


236, 518 

Culvert  No.  8 : 

27,070  cubic  yanls  excavation  in  earth,  at  35  cents .  $9, 474 

25,150  cubic  yards  hytlraulic  concrete,  at  $8 .  201,200 


210, 674 

Culvert  No.  9 : 

30,700  cubic  yards  excavation  in  earth,  at  35  cents .  $10, 745 

25,130  cubic  yards  hydraulic  concrete,  at  $8 .  201, 040 


211,785 

Culvert  No.  10: 

27,400  cubic  yards  excavation  in  earth,  at  35  cents .  $9,590 

26,430  cubic  yartls  hydraulic  concrete,  at  $8 . .  207,440 


217, 030 
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Culvert  ^0,  11: 

12,000  cubic  yards  excavation  in  earth,  at  35  cents .  $4,200 

11,500  cubic  yards  hydraulic  concrete,  at  $8 .  92,720 


96,920 

Culvert  No.  12 : 

40,040  cubic  yards  excavation  in  earth,  at  35  centa .  $14, 014 

48,020  cubic'yards  hydraulic  concrete  at  S8  .  391,360 


405, 374 

Total  cost  of  culverts.  Eastern  Division .  $3,011,493 


Side  drains. 

740,500  culri(^  yards  excavation  in  earth,  at  30  eents .  $222, 150 

47-',500  cubic  yards  excavation  in  rock,  at  $1.25  .  598, 125 


$820,275 

Diversion  of  the  Napipi  Uiver. 

At  curve  5 — 950  feet: 

24,480  cubic  yards  excavation  in  earth,  at  30  cents .  $7,344 

2*22,656  cubic  yards  excavation  in  rock,  at  $1.25  .  278, 320 


2a5,664 

Near  Braso  Muriel — 1,650  feet: 

49,867  cubic  yards  excavation  in  earth,  at  30  cents .  14, 960 


At  curve  6 — ^1,250  feet: 

35,007  cubic  yards  excavation  in  earth,  at  30  cents . .  10,502 

27,404  cubic  yards  excavation  in  rock,  at  $1.25 . . . . . .  34,255 

12,350  cubic  yards  hydraulic  concrete,  at  $8 . . . . ; . .  98, 800 


143,557 

At  straight  — 300  feet: 

28,;i22  cubic  yards  excavation  in  earth,  at  30  cents . . .  8, 496 

14,880  cubic  yards  hydraulic  concrete,  at  $8 .  119,040 


127  536 

Total  cost  of  diversion  of  the  Napipi .  $571, 717 


Siding  at  curve  5 : 

7,440  cubic  yards  hydraulic  concrete,  at  $8 .  $59, 520 


The  coat  of  excavation  for  this  siding  is  allowed  iu  the  estimate  for  the  division. 

Receqntulation  of  Eastern  Division. 

Excavation  and  embankment . . .  $10, 498, 306 

Locks . 2,511,552 

Culverts . 3,011,493 

Drains . 820,275 

Diversion  of  the  Napipi .  571,717 

Siding . .  59,520 

Grubbing  and  clearing .  149, 800 


Total  cost  of  Eastern  Division .  $17, 642, 663 
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MIDDLE  DIVISION. 


1,082,559  cabic  yards  excavation  in  earth,  at  35  cents . .  ^^8, 895 

4,827,800  cubic  yards  excavation  in  rock,  at  ^1.25 . . . .  6, 034, 750 

4,827,800  cubic  yards  excavation  in  rock,  at  |1.50  .  7,241,700 


13, 655, 345 


Side  drains : 

180,105  cubic  yanis  excavation  in  earth,  at  :U)  centH .  .  $54, 031 

833,746  cubic  yards  excavation  in  rock,  at  $1.25  .  1, 042, 182 

277,915  cubic  yards  excavation  in  rock,  at  $1.50 .  4(K),  862 


1, 563, 075 


Diversion  of  Doguado  River  : 

98,913  cubic  yards  excavation  in  earth,  at  30  cents. .  $29,674 

585,940  cubic  yards  excavation  in  rock,  at  $1.25 .  615,2:i7 

198,620  cubic  yards  excavation  in  rock,  at  $1.50 . .  297, 930 

1,587  cubic  yards  stone  wall  at  basin,  at  $4 .  6, 348 


949, 18) 


Basin : 

1,404,179  cubic  yards  excavation  in  earth,  at  35  cents . .  $491, 463 

1,140,712  cubic  yards  excavation  in  rock,  at  $1.25  .  1, 425,  890 


Dam  Ao.  1  (across  the  Rapqri) : 

188,855  cubic  yards  excavation  in  earth,  at  35  cents.... 

185,625  cubic  yards  excavation  in  rock,  at  $1.25 . 

9,709  cubic  yards  coursed  masonrj",  at  $15 . 

5,920  cubic  yards  concrete  in  foundation,  at  $7 . 

12,279  cubic  yards  concrete  in  hearting,  at  $8 . . 

200  cubic  yards  dry-stone  wall,  at  $4 . 

9,200  cubic  yards  stone  tilling  under  apron,  at  50  cents 

79,000  cubic  feet  of  timber  in  apron,  at  30  cents . 

880  piles,  at  $4 . 


Recapitulation  of  Middle  Division. 

Excavation  and  embankment  (including  basin) . 

Drains . . ' . 

Diversion  of  Doguado . . 

Dam  No.  1 . . 

Grubbing  and  clearing . . 

Total  cost  of  Middle  Division .  . 


1, 917, 353 


$66, 099 
2:12,031 
145, 6:i5 
41,440 
98, 232 
800 
4,600 
23, 700 
3,520 


616,057 


$15, 572, 698 
1, 563,  075 
949, 189 
616,  057 
34,900 


$18, 7:i5, 919 


TUNNEL  DIVISION.  (Sce  Plate  VI.) 

Plan  A — ^70  feet  wide;  27  feet  water;*  86  feet  higli- above  water. 

I.  For  unsound  rock  with  elliptical  arch  springing  from  water-surface : 


5,102,862  cubic  yards  excavation  in  rock,  at  $5.:15 . . . .  $27,  :100, 312 

682,993  cubic  yar(^  masonry,  at  $20 . . .  13, 659, 960 


40, 960, 272 


‘These  are  the  minimum  depths  of  water, 
be  increased  by  2  feet. 


With  the  water  in  the  summit-level  at  its  normal  stage,  they  would 
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II.  For  sound  rock  with  sc'^mental  arch  of  sides  batteriMl  1  to  20;  s[>riiig  of  arch  60  feet  above 

water : 

r>,279,H4:{  eiihie  yards  excavation  in  earth,  at  .  246, 160 

209,498  cnbie  yards  masonry,  at  §20 . . . .  4,069,960 


32, 316, 120 

Plan  B — (]0  feet'wide;  30  feet  water;*  86  feet  high  above  water. 

I.  For  nnsonnd  rock,  as  above  : 

4,562,051  cubic  yards  excavation  in  rock,  at  §5.35 .  §24,  406,973 

573,494  cnlnc  yanls  masonry,  at  §20 .  11,469,880 


35,  876,  a53 

II.  For  sound  rock,  jis  above : 

4,915,397  cubic  yards  excavation  in  rock,  at  §5.:15 .  §26,297,374 

199,181  cubic  yards  masonry,  at  §20 .  3,983,620 


30, 280, 994 

Shafts : 

16,300  cubic  yards  excava-tion  in  rock,  at  §10 .  §163,000 


WESTERN  DIVISION. 

178,002  cubic  yards  excavation  in  earth,  at  35  cents .  §62,  3(K1 

585,604  cubic  yards  i‘xcavation  in  rock,  at  §1.25  .  732,  005 

8(}0,063  cubic  yards  excavation  in  rock,  at  §1.50  . 1,290,094 

53,900  cubic  yards  excavation  in  earth  below  water,  at  50  cents . . .  26, 95^) 

103,009  cubic  yards  excavation  in  rock  below  water,  at  §5 .  515,045 


2, 626, 394 


Ten  locks  (Nos.  13  to  22,  inclusive) : 

225,808  cubic  yards  hydraulic  concrete,  at  §7.75 . . .  §1,750,012 

Other  items  as  in  lock  No.  1 .  787,650 


2, 537, 662 

Culvert  No.  13 : 

2,489  cubic  yartls  hydraulic  concrete,  at  §7.75 .  §19,912 


Side  drains : 

56,866  cubic  yards  excavation  in  earth,  at  30  cents .  §17, 060 

39,634  cubic  yards  excavation  in  rock,  at  §1.25 .  49,542 


66,602 


Diversion  of  Chiri-Chiri  River: 

17,787  cubic  yards  excavation  in  rock,  at  §1.25 . - .  §89,733 


Recapitulation  of  Western  Division. 

Excavation  and  embankment . .  §2,626.  :194 

Locks .  2, 537,  ()62 

Culvert .  19,912 

Drains .  66, 602 

Diversion  of  Cbiri-Chiri  River .  89,7X1 

Grubbing  and  clearing .  7,200 


Total  cost  of  Western  Division .  §5,347,503 
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AQUEDUCT  FROM  THE  RIO  CUIA. 

107, Hll  cubic  yards  excavation  in  rock,  at  .  S134, 139 

36,441  cubic  yards  tunneling,  at  $8 . . .  291, 528 


425,667 


Dam  No.  2  {across  brook  Cuita): 

2,62.3  cubic  yards  excavation  in  earth,  at  :i5  cents .  . .  1918 

2,109  cubic  yards  hydraulic  concrete,  at  .  16,872 

1,598  oubic  yards  inasonrj',  at  fl5  .  23,970 

10,000*  cubic  yards  riprap  for  apron,  at  !^1 .  10,000 


51, 760 


Dam  No.  3  {across  Rio  Cuia) : 

2,736  cubic  yards  excavation  in  earth,  at  35  cents .  |®57 

2,000  cubic  yards  excavation  in  rock,  at  $1.25  .  .  2,500 

1,598  cubic  yards  masonry,  at  $15 .  .  32, 2^<0 

3,149  cubic  yards  hydraulic  concrete,  at  $8 .  2.5, 192 

10,:^0  cubic  yards  riprap  for  apron,  at  $1  .  10, 370 


71,299 


Total  cost  of  aqueduct .  $.548, 726 


BREAKWATERS  AT  CHIRI-CHIRI  BAY. 

861,200  cubic  yards  stone,  at  $2.50 . .  $2, 16:1,  000 


IMPROVEMENT  OP  THE  URABi  MOUTH  OF  THE  ATRATO. 

880  cubic  yards  dredging,  at  50  cents . . .  $440, 000 

17,978  piles,  at  $5 .  .  89, 900 

176,000  cubic  yards  filling,  at  $1  .  176, 000 

:18,600  cubic  feet  timber,  at  30  cents . . . . .  11,880 

Obstruction  of  other  mouths  of  delta .  100, 000 


$817, 780 


FINAL  RECAPITULATION. 

Excavation  and  embankment . .  $28, 697,  :198 

Tunnel .  3:1,241,923 

Lf>cks . 5,049,214 

Culverts .  3,  031,  405 

Side  drains .  . . .  2,  449, 9.53 

Diversion  of  rivers . . .  1, 670. 1.59 

Dam  for  crossing  Napipi . ^ . . .  616,0.57 

Aqueduct . . .  548, 726 

Breakwaters  at  Chiri-Chiri .  2, 16.3,  CHK) 

Improvement  mouth  of  Atrato . .  817, 780 

Light-houses .  .  (X),  (MK) 

Unibbing  ami  ch‘aring .  191,900 


78,  .5.57,  515 

Add  25  iH‘r  cent,  for  contingencies . .  19,  (i:i6,  879 


Total  estimated  cost  of  canal  and  appurtenances . .  98, 194,:11M 
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SECTION  XII. 

LOCAL  ADVANTAGES  AND  DISADVANTAGES:  GENERAL  REMARKS. 

The  closing;  paragraph  of  my  instructions  required  me  to  ascertain,  as  closely  as  possible,  what¬ 
ever  local  advantages  and  disadvantages  might  exist  favoring,  or  interfering  with,  the  construction 
of  a  ship-canal. 

In  presenting  the  results  of  observations  made  in  complying  with  this  order,  it  is  not  necessary' 
that  I  should  enter  into  any  comparative  statement  of  advantages  and  disadvantages,  but  simply — 
taken  in  its  broadest  sense — to  present  my  convictions  as  to  what  conditions  would  be  likely  to  be 
found  favorable  to  the  construction,  maintenance,  and  successful  o[)erarion  of  a  canal  by  this  route, 
and  what  unfavorable,  exactly  as  though  it  were  the  oidy  route  in  existence. 

I  have  endeavored  to  look  at  this  question  without  j)rejudiee,  and  I  give  the  following  as  the 
favorable  and  unfavorable  conditions  that  have  occurred  to  me  with  what  attention  I  have  been 
able  to  give  the  subject.  Those  accustomed  to  the  contem])lation  and  execution  of  great  engineer¬ 
ing  schemes  will  doubtless  see  many  more  on  both  sides,  while  it  is  quite  certain  that,  in  the  actual 
execution  of  the  work,  many  contingencies  and  complications  will  arise  that  the  best  minds  will 
now  be  unable  to  foresee.  That  such  contingencies  will  be  likely  to  array  themselves  on  the  un¬ 
favorable  side  cannot  be  doubted ;  still,  it  is  by  no  means  impossible  that  in  i)ractice  some  condi¬ 
tions  may  be  more  favorable  than  have  been  assumed,  and  the  execution  of  the  work  correspondingly 
facilitated. 

ADVANTAGES. 

1.  Shortness  of  the  artificial  channel  required. 

2.  Good  harbors.  That  on  the  Atlantic  is  all  that  could  be  desired,  while  on  the  Pacific  there 
is  deep  water,  with  good  holding-ground,  and  the  region  is  seldom  visited  by  violent  gales. 

3.  The  cutting  mainly  in  rock  or  stiff  clays.  In  such  materials  the  amount  of  excavation  can 
be  reduced  to  a  minimum.  The  clay  will  form  stable  embankments,  as  little  liable  to  wash  trom  rains 
and  at  the  water-surtace  as  any  embankments  can  be,  and  its  impervious  character  will  greatly 
reduce  losses  of  water  from  leaks  and  filtration. 

4.  The  greater  part  of  the  work  to  be  performed  lies  in  a  healthy  region  for  the  tropics. 

5.  Abundance  of  good  timber  for  construction. 

6.  Proximity  of  heaviest  work  to  the  Pacific  coast,  rendering  transportation  of  labor,  plant, 
and  supplies  comparatively  inexpensive. 

7.  Absence  of  high  winds  along  the  canal-line.  Transit  would  be  seriously  imi)eded  in  any 
canal  that  should  lie  through  a  region  subject  to  violent  winds. 

8.  Freedom  from  liability  to  terrestrial  convulsions  of  a  nature  likely  to  affect  the  i>ermanency 
of  the  canal-works.  This  appears  to  me  to  be  an  important  point.  Such  accidents  cannot  be 
guarded  against,  and  a  country  in  which  they  are  of  tmjuent  occurrence  can  hardly  be  considered 
suitable  for  canal  purimses. 

9.  Absence  of  large  streams  or  of  deep  valleys  to  be  crossed  at  a  high  elevation. 

10.  Friendly  attitude  of  the  inhabitants. 

11.  Fertility  of  the  soil.  Under  proper  management,  the  country  in  the  vicinity  of  the  pro¬ 
posed  line  could  be  made  to  produce  the  greater  j^art  of  the  supplies  required  for  the  subsistence  of 
the  laborers. 

DISADVANTAGES. 

1.  The  necessity  of  resorting  to  a  tunnel.  This,  while  it  is  no  doubt  practicable,  involv^es  great 
expense  in  construction;  unceitainty  in  estimates  of  cost,  and  a  probable  increase  in  the  difficul¬ 
ties  attending  transit,  especially  for  large  ships. 

2.  The  steep  descent  of  the  Pacific  slope,  necessitating  the  grouping  of  a  large  number  of 
locks,  and  thus  increasing  the  liability  of  damage  to  the  works. 

3.  Very  heavy  cuttings  in  the  valleys  of  the  Dogua<lo  and  Chiri-Chiri. 

4.  Limited  water-supply  during  dry  seasons. 


Digitized  by  UiOOQle 


INTBROCBAKIO  SHIP-CA2fALS. 


99 


5.  Liability  to  damage  to  the  works  from  sudden  floods.  It  is  believed  that  this  contingency 
is  well  guarded  against,  but  the  liability  to  sudden  and  violent  floods  in  a  hilly  country  subject  to 
torrential  rains  cannot  be  overlooked. 

6.  Excessive  rains,  likely  to  wash  away  embankments,  &c.,  while  in  course  of  construction,  and 
to  interfere  generally  with  the  progress  of  the  work. 

7.  Shortne-ss  and  iiiuertainty  of  the  yearly  i)eriods  well  suited  to  the  work  of  construction. 

8.  Undeveloped  state  of  the  country  and  scarcity  of  native  labor. 

9.  Remoteness  from  the  great  commercial  centers  of  the  world. 

GENERAL  REMARKS. 

In  concluding  this  report,  I  have  to  state  my  belief  that,  with  all  the  imi)erfections  with  which 
our  survey  is  justly  chargeable,  it  affords,  in  connection  with  those  previously  made  by  Commander 
Selfridge,  all  the  data  necessary  to  a  reasonably  close  approximation  to  the  merits  of  the  Napipi 
route. 

The  progress  of  our  survey  dev  eloped  an  amount  of  work  greatly  in  excess  of  what  had  been 
anticipated,  and  to  accomplish  our  task,  in  an  imperfect  manner  even,  required  the  heartiest 
co-oi)eration  and  the  greatt^st  i)ersonal  exertions  on  the  part  of  every  member  of  the  expedition, 
officers  and  men.  That  this  hearty  co  oi)eration  existed,  and  that  these  personal  exertions  were  put 
forth,  the  results  show.  In  my  associates  on  this  work  I  was  most  fortunate,  and  to  one  and  all  my 
heiirtiest  thanks  are  due. 

Lieutenants  Eaton,  Sullivan,  and  Paine  are  already  so  well  knovvm  in  connection  with  work  of 
this  character,  that  I  am  sensible  of  the  fact  that  no  words  of  mine  can  add  to  their  reputation. 
Yet  it  is  my  duty  to  testify  to  the  ability,  zeal,  and  indomitable  energy  that  they  severally  dis¬ 
played  in  the  performance  of  the  severe  labors  of  the  past  season. 

To  Lieutenant  Eaton  fell  the  unenviable  task  of  carrying  the  survey  through  the  dismal 
morasses  near  the  Atrato.  The  sufferings  of  the  party  under  his  command  engaged  in  that  work 
can  be  inferred  from  the  fact  that  not  one  escaped  a  severe  attack  of  fever.  It  was  only  by  the 
most  stubborn  perseverance,  backed  by  most  excellent  judgment  on  his  part,  that  an  unbroken  line 
of  levels  from  the  Pacific  to  the  Atrato  w  as  obtained. 

Lieutenant  Siilliv" an’s  services  in  making  reconnaissances  for  the  dev’elopment  of  the  topography 
of  the  country,  to  say  nothing  of  his  other  multifarious  duties,  were  invaluable.  To  him  belongs  the 
credit  of  the  system  of  reconnaissances  that  enabled  us,  with  our  small  force,  to  obtain  such  accurate 
knowledge  of  the  physical  features  of  the  region  along  the  line.  Severe  labor  was  required  of  the 
party  under  his  command  that  carried  the  surv  ey  up  the  rugged  v^alley  of  the  Doguado  and  across 
the  divide  to  the  Pacific.  He  also,  by  assuming  charge  of  all  matters  relating  to  the  transporta¬ 
tion  and  preservation  of  stores,  as  well  as  the  hiring  and  paying  of  nativ  e  laborers,  in  dealing  with 
whom  much  tact  is  required,  relieved  me  of  much  care  and  labor,  while  to  his  thoughtful  attention 
much  of  our  comfort  in  camp  was  due. 

Lieutenant  Paine,  in  addition  to  his  severe  daily  labors  in  the  field,  took  general  charge  of 
the  meteorological  observ  ations  and  of  the  experiments  for  ascertaining  the  flow  of  the  Napipi. 
Those  duties  recpiired  from  a  half  hour’s  to  an  hour’s  extra  labor  each  day — no  small  matter  when 
one’s  regular  duties  are  of  the  most  laborious  and  exacting  character ;  but  they  were  always  cheer¬ 
fully  and  carefully  performed.  His  anangements  for  determining  slight  changes  in  the  level  of 
the  Nai)ipi  were  ingenious,  and  his  results  may  be  relied  upon  as  accurate.  To  his  skill  in  handling 
the  gradienter  much  of  our  rapid  progress  was  due. 

Ensign  Barroll  took  hold  of  the  work,  which  was  entirely  new  to  him,  with  such  ability  and 
zeal,  as  to  compensate  in  a  very  short  time  for  lack  of  previous  experience.  He  was  always  ready 
for  hard  .work,  and  possessed  the  v  aluable  faculty  of  being  able  to  turn  his  hand  to  anything  on  the 
shortest  notice.  His  services  throughout  were  of  the  greatest  value. 

To  Assistant  Surgeon  Norfleet,  also,  the  work  of  the  expedition  w  as  a  new  experience.  He  was 
always  attentive  to  the  sick,  and  assisted  constantly  and  effectively  in  the  work  of  the  survey  out¬ 
side  of  his  own  particular  dei)art.ment. 

To  the  care  of  Commander  Selfridge,  who  was  good  enough  to  attend  to  the  preparation  of  the 
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outfit  for  the  expedition,  we  were  indebted  for  an  ample  and  palatable  ration.  So  excellently  were 
the  provisions  put  up,  that  not  a  particle  was  lost  by  spoiling,  and  we  had  an  abundance  to  the  end, 
although  our  party  was  larger  by  one  than  was  anticipated.  I  am  also  indebted  to  Commander 
Selfridge  for  valuable  suggestions  concerning  the  prosecution  of  the  work  and  the  preparation  of 
its  results. 

To  Captain  Barrett  and  the  ofiicers  of  the  Canandaigua  we  all  owe  our  hearty  thanks  for  court¬ 
eous  consideration,  and  an  evident  desire  to  forward  in  every  way  within  their  power  the  interests 
of  the  expedition. 

I  have  elsewhere  expressed  my  appreciation  of  the  kindness  of  Mr.  Menocal,  in  affording  me 
assistance  in  the  preparation  of  the  data  acquired  by  the  survey,  at  the  expense  of  frex]uent  drafts 
on  his  other\^ise  fully  occupied  time. 

To  W.  H.  Hutton,  civil  engineer,  and  Alfred  Duvall,  civil  engineer,  of  Baltimore,  and  to  S.  T. 
Abert,  United  States  civil  engineer,  at  Washington,  I  am  likewise  under  many  obligations  for  their 
kindness  in  replying  fully  and  promptly  to  my  requests  for  an  expression  of  opinion  on  certain 
engineering  questions. 

Finally,  1  may  say  that  on  the  part  of  every  one  v  itli  whom  I  hav^e  been  brought  officially  in 
contact  while  engaged  in  this  work  I  have  received  vsuch  ready  and  efifective  assistance  that,  with 
the  most  ordinary  care  on  my  part,  success  was  assured. 

Trusting  that  the  objects  for  which  the  expedition  was  sent  out  have  been  as  well  fulfilled  as 
(arcumstances  would  allow,  and  thanking  the  Department  for  the  confidence  it  has  reposed  in  me, 
I  am,  sir,  very  respectfully,  your  obedient  servant, 

FBEDEKICK  COLLINS, 

Limtmant. 


Hon.  George  M.  Kobeson, 

Secretary  of  the  Navy. 
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REPORT  OF  LIEUT.  J.  G.  EATON,  U.  S.  N.,  COMMANDING  PARTY  No.  1. 

INSTRUCTIONS. 

United  States  Exploring  Expedition, 

Atrato  River j  February  1,  1875. 

Sir:  You  will  make  a  careful  survey  of  the  line  proposed  by  Commander  Selfrid^^e  from  the 
Atrato  River  alon^  the  left  bank  of  the  Napipi  to  its  junction  with  the  Merindo.  The  proposed 
line,  as  laid  down  on  the  field-maps  with  which  you  will  be  supplied,  will  be  followed  as  long  as  it 
presents  no  unfavorable  conditions,  but  you  will  recounoiter  the  ground  ciirefully  in  iulvance  of  the 
survey  to  make  sure  of  obtaining  the  best  possible  profile. 

In  deviating  from  the  most  direcd  line,  in  order  to  secure  the  lowest  ground,  you  will  bear  in 
mind,  first,  that  no  curve  of  a  less  radius  than  2,500  feet  can  be  introduced  into  the  projected  line ; 
second,  that  the  increase  in  distance  caused  by  the  deviation  should  not  overbalance  the  advantages 
offered  by  the  lower  ground. 

You  will,  at  the  end  of  each  day’s  work,  and  at  all  important  points  on  the  line,  establish 
‘4>ench-marks,”  conspicuously  marked.  The  simt  occupied  by  the  rod  must  be  carefully  marked 
with  copper  tacks,  and  a  minute  description  of  the  bench-mark  entered  in  the  field-book.  The  line, 
as  finally  determined  and  surveyed  by  you,  will  be  marked  by  blazing  trees  on  either  side  at  short 
inter\"als. 

You  will  make,  at  intervals  of  half  a  mile,  or  oftener  if  you  think  necessary,  cross-sections  of 
the  route  extending  for  5(K)  feet  on  either  side  of  the  line.  You  will  extend  these  cross-sections,  as 
frequently  as  practicable,  to  the  Napqu,  connecting,  when  iiossible,  with  some  bench-mark  of  the 
former  survey. 

All  water-courses  and  ravines,  wet  or  dry,  crossed  by  the  projected  line  will  be  carefully  located, 
and  measurements  taken  to  determine  the  maximum  amount  of  water  discharged  by  them  during 
the  wet  season.  A  short  reconnaissance  should  l>e  made  ui>  all  of  these  that  are  of  any  great  size, 
to  obtain  an  idea  of  the  declivity  of  their  beds  and  the  extent  of  the  water-shed  drained  by  them. 
The  elevations  of  their  beds  in  reference  to  the  bottom  line  of  the  canal  should  also  be  determined. 

You  w  ill  plot,  as  carefully  as  possible,  on  your  field-maps  each  day’s  work,  and  also  draw  in 
the  line  for  a  canal  as  you  may  determine  it.  All  reconnaissances  shoidd  be  made,  when  i)ractica- 
ble,  as  a  rough  traverse ;  courses  by  pocket-compass ;  distances  by  pacing,  and  elevations  with 
aneroid  baroineter  or  hand-level,  in  order  that  they  may  be  plotted  on  the  field-maps.  On  these 
maps  should  also  be  placed  all  information  of  whatever  nature  that  may  be  obtained  concerning  the 
country  along  the  line. 

You  will  construct  a  profile  of  the  line  determined  upon  by  you,  taking  the  plane  of  the  bench¬ 
mark  on  the  Atrato  as  your  datum  hue.  It  is  proposed,  by  one  or  more  locks,  to  raise  the  bottom 
of  the  canal  immediately  on  leaving  the  Atrato  to  within  10  or  12  feet  of  the  ground-surface.  You 
will  then  distribute  your  locks,  in  favorable  locations,  in  such  a  manner  as  to  keep  the  bottom  of 
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the  canal  on  an  average  of  about  15  feet  below  the  surface  of  the  ground.  The  locations  of  the 
locks,  as  thus  determined,  must  be  carefully  marked. 

You  will  procure  and  preserve  specimens  of  all  rock  met  with  on  the  line,  as  well  as  on  the 
river  at  different  points.  Especially,  in  case  the  canal-line  comes  very  near  the  river,  should  you 
carefully  note  the  character  of  the  strata  exposed  on  the  banks  and  obtain  specimens.  Each  speci¬ 
men  should  be  wrapped  securely  in  cotton  cloth,  with  a  suitable  tag  bearing  a  number  inclosed.  A 
note  book  should  contain  fiill  particulars  concerning  each  specimen,  designated  by  its  number. 

Borings  will  be  made  with  the  instrument  with  which  you  will  be  provided,  at  intervals  of  half 
a  mile  along  the  line,  and  especially  at  the  locations  of  the  locks,  to  determine  the  character  of  the 
foundation.  All  specimens  brought  ui)  by  the  borer  will  be  carefully  preserved  in  the  bottles  pro¬ 
vided  for  the  purpose. 

Should  you  meet  with  any  beds  of  clay  suitable  for  ‘‘puddle,’’  or  with  stone  suitable  for  con¬ 
struction,  specimens  should  be  obtained,  and  full  particulars  as  to  location,  extent,  accessibility, 
&c.,  noted. 

Obtain,  also,  all  possible  information  concerning  timber  suitable  for  use  in  the  construction  of  a 
canal. 

You  will  note  in  your  journal  the  state  of  the  weather  daily,  stating  particularly  the  number 
of  hours  each  day  that  you  may  be  prevented  from  working  by  heavy  rains. 

You  will  impress  upon  every  member  of  your  party  who  may  be  charged  with  any  instru¬ 
mental  work  the  necessity  of  aemraey.  Our  object  is  to  obtain  full  and  reliable  information  as 
far  as  we  go,  and  every  one  should  feel  that  ample  time  will  be  allowed  him  to  conduct  his  obser¬ 
vations  with  all  possible  care.  The  otticer  running  the  gradienter  is  to  be  instructed  to  take  out 
the  distances  corresponding  to  the  micrometer  readings,  as  well  as  the  differences  of  level,  at  each 
stiition,  and  before  moving  the  instrument.  Sights  exceeding  300  feet  should  be  avoided,  if  pos¬ 
sible,  and  enough  intermediate  levels  should  be  taken  to  show  with  accuracy  the  surface-line  of 
the  ground.  Intermediate  sights  need  not  be  read  nearer  than  tenthn  of  feet,  nor  turn-i)oints 
nearer  than  hundredths. 

Ensign  Barroll  and  Assistant  Surgeon  Norfleet  will  be  directed  to  assist  you  in  this  work. 
Your  party  will  consist  of  four  seamen  and  twelve  natives,  or  as  many  more  as  you  may  find 


necessary. 

Lieut.  J.  T.  Sullivan  will  assist  you  in  making  reconnaissances  whenever  he  can  find  time 
after  attending  to  his  other  duties. 


Ver}'  respectftilly, 


FREDERICK  COLLINS, 


Lieutenant^  Commanding  Expedition, 


Lieut.  Joseph  G.  Eaton,  U.  S.  N., 


Commanding  Party  No,  1. 


Lowell,  Mass.,  September  1,  1875. 

Sir  :  I  have  the  honor  to  make  the  following  rejmrt  of  the  operations  of  party  No.  1  of  the 
Darien  Expedition  of  1875: 

In  obedience  to  your  order  of  February  1,  1875,  I  assumed  command  of  party  No.  1  upon  the 
8th  of  February.  The  party  consisted  of  Lieut.  J.  G.  Eaton,  commanding;  Ensign  H.  H.  BarroU, 
Assistant  Surgeon  Ernest  Norfleet,  four  sailors,  including  a  (*ook  from  the  United  Statens  steiimer 
Canandaigua,  and  eight  native  peones,  engaged  at  Vigia  del  Fuerte  for  the  purpose  of  cutting 
trails  through  the  woods,  transporting  pro\isions,  managing  canoes,  &c.  Lieut.  J.  T.  Sullivan 
was  also  vith  the  party  at  such  times  as  his  duties  as  commissary  permitted,  and  aided  me  greatly 
in  making  reconnaissances.  Camp  Palma  was  established  the  same  evening  on  the  left  bank  of 
the  Napipi,  some  twelve  miles  from  its  mouth.  The  luovisions  were  landed,  tents  pitched,  ham¬ 
mocks  slung,  and  the  customary  routine  of  camp-life  in  the  woods  at  once  entered  upon.  The 
camp  was  located  but  a  short  distance  from  the  most  northerly  bend  of  the  Napipi,  and  in  prox¬ 
imity  to  the  proposed  canal-line  of  1871  and  1873.  The  morning  of  the  9th  instant  was  passed  in 
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arranging  messes  and  the  adjustment  of  instruments.  On  the  10th,  a  trail  was  cut  to  the  inter¬ 
section  of  the  main  line  and  the  observers  and  rodmeu  practiced  in  field-work.  As  they  had 
formerly  acquired  some  experience  at  Aspinwall,  they  readily  adapted  themselves  to  the  field¬ 
work,  and  on  February  11  the  fli'st  real  work  was  done  upon  the  line. 

Some  description  of  the  manner  in  which  the  work  was  done  is  required  in  order  to  explain 
fully  the  difficulties  encountered  and  the  slow  progress  made.  The  gradienter  being  set  up  and 
adjusted,  tlie  meridian  was  obtained,  the  desired  course  set  off,  and  a  rodman  established  as  far 
ahead  on  this  course  as  the  nature  of  the  ground  permitted — in  no  case  more  than  300  feet  dis¬ 
tant,  and  generally  not  100.  Alignments  were  then  made  on  these  two  points,  L  e.,  the  rod  and 
the  instrument,  and  stakes  driven  in  advance  for  temporary  use  in  guiding  the  macheta-men  in 
cutting  and  opening  a  trail.  The  number  of  natives  employed  in  this  work  varied  from  four  to 
eight,  and  these  were  worked  in  two  gangs,  alternating  in  cutting  and  relief  every  hour.  Owing 
to  the  dense  undergrowth,  the  opening  of  a  trail  was  slow  work  and  hard  labor.  Upon  level  or 
nearly  level  ground,  the  advance  of  the  instrument  was  continually  retarded  by  lack  of  open  trail, 
while  among  the  hiUs  the  cutters  were  kept  back  by  the  slowness  of  the  instrument ;  frequent 
settings  being  required,  owing  to  the  abrupt  changes  of  level,  and  the  slopes  so  steep,  that  time 
was  necessary  to  find  a  spot  where  the  instrument  could  be  placed.  Finding  that  these  causes 
were  occasioning  delay,  1  hail  the  trail  cut  by  a  prismatic  compass,  the  gradienter  following  and 
marking  the  exact  courses  and  the  inequalities  of  the  ground.  The  gradienter  was  run  either  by 
Mr.  Barroll  or  myself,  and  Dr.  Norfleet  assisted  as  recorder,  in  addition  to  his  duties  in  taking 
borings. 

When  possible.  Lieutenant  Sullivan  assisted  in  reconnaissances.  In  these  reconnaissances  a 
hand-level  was  used  for  elevations  and  paced  distances,  with  courses  Irom  a  pocket-compass  for 
traverses.  In  this  way  I  endeavored  to  get  a  general  idea  of  the  country  over  which  we  were  to 
pass  two  or  three  days  in  advance  of  the  gradienter  and  main  line.  I  was  thus  enabled  to  direct  the 
movements  of  the  main  pai  ty  to  much  better  advantage,  and  avoid,  as  far  as  could  be  avoided,  such 
hills  as  previous  knowledge  had  developed.  By  means  of  these  reconnaissances  a  comparatively 
large  section  of  country  in  the  vicinity  of  the  line  surveyed  was  opened,  and  a  seiwiceable  knowl¬ 
edge  of  its  general  topographical  features  obtained.  Whenever  any  considerable  elevation  was 
encountered,  its  summit  was  followed  till  the  end  was  reached,  or  till  it  was  evident  that  too  long  a 
detour  would  be  required  to  pass  around  it.  When  the  latter  was  the  case,  the  main  line  was 
directed  to  the  lowest  summit-point,  when  this  could  be  reached  without  too  abrupt  an  angle.  Owing 
to  this  cause,  most  of  the  hills  below  the  Pedagacito  were  crossed  at  the  most  favorable  points. 
A  few  opposite  the  Amboribido  might  be  crossed  more  favorably,  though  I  am  of  the  opinion  that 
they  cannot  be  avoided  by  any  line  on  the  north  bank  of  the  Napipi.  All  streams  of  any  size  which 
were  crossed  by  the  canal-line  were  cross-sectioned  and  their  general  coiu'se  determined.  Borings 
were  taken  whenever  the  nature  of  the  ground  would  seem  to  indicate  any  change  of  strata.  To 
reach  a  depth  of  10  feet  required  the  hard  labor  of  live  men  and  an  officer  for  an  entire  day.  The 
great  weight  of  the  screw  and  the  tenacity  of  the  clayey  subsoil  rendered  the  lifting  of  the  screw 
an  hoiu^s  work.  The  borings  were  uniformly  conducted  by  Dr.  Norfleet,  with  such  aid  as  I  could 
spare  him.  A  bench-mark  was  established  on  some,  large  tree  at  the  end  of  each  day’s  work.  The 
bench  was  marked  with  three  copper  tacks,  and  upon  a  large  blaze  above  was  its  number  also  in 
tacks.  A  description  of  each  bench-mark  was  entered  in  the  field-book  as  soon  as  made. 

The  party  usually  breakfasted  at  6  a.  m.  and  before  7  all  hands  were  at  work  upon  the 
line ;  the  cook  alone  remaining  in  camp  to  prepare  the  dinner.  An  hour’s  rest  was  taken  for 
lunch  of  hard  tack  and  bacon  at  noon,  and  work  was  generally  stopped  in  time  to  reach  camp  by 
5.30  p.  m.  This  gave  time  to  bathe,  put  on  dry  clothing,  and  finish  dinner  before  dark.  All  hands 
turned  in  early,  and  no  watch  was  kept  at  night.  The  field-books  were  copied  into  smooth  copies 
every  evening,  position  of  last  bench-mark  plotted  on  chai’t,  and  course  for  ensuing  day  determined. 
All  the  ridges  and  streams  met  with  were  outlined  and  the  topography  sketched  in  as  fast  as 
known. 

My  instructions  were  to  connect  with  the  Atrato  from  Camp  Palma  and  then  to  work  to  the 
westward  till  the  junction  of  the  Meriudo  with  the  Napipi  was  reached,  keeping  as  straight  a  course 
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as  practicable,  always  on  the  north  bank  of  the  Napipi,  and  curving  toward  the  river  in  the  large 
southerly  bends  only  when  forced  to  do  so  by  hills  on  a  more  dire(*t  line. 

Ill  accordance  with  these  instructions,  an  oltset  of  3(X)  feet  was  run  from  near  Camp  Palma  due 
north  until  the  proposed  line  of  canal  was  reached,  when  the  course  was  changed  to  north  9(P  east. 
The  trail  had  scarcely  left  the  river-bank  when  marshy  ground  was  encountered.  As  the  line 
advanced  jiools  of  stagnant  water  were  met,  the  ground  became  soft  and  miry,  and  the  only  trees 
found  were  quita  ftol  and  white  palms.  Despite  the  unpromising  nature  of  the  country,  the  work 
was  pushed  aheatl,  the  men  sinking  to  the  knees  at  every  step  in  the  ooze,  and  fiequently  requiring 
assistance  to  extricate  themselves.  Wishing  to  assure  myself  iis  to  the  extent  of  the  swamp,  1 
kept  on  till  farther  progress  was  utterly  impracticable.  1  hiul  now  traversed  3,200  feet  from  B.  M. 
No.  1,  E.,  near  the  river.  Tlie  ground  was  everywhere  covered  with  water,  and  beneath  the  w  ater 
the  soil  was  completely  saturated  and  of  the  consistency  of  mush.  The  peones  who  w^ere  familiar 
with  this  swamp  told  me  that  it  extended  to  the  banks  of  the  Atrato;  a  statement  I  afterwards  found 
to  be  true.  There  was  nothing  for  it  but  to  abandon  this  part  of  the  work  until  the  hot  sun  and 
fresh  trade- winds  of  the  dry  season  had  caused  sufficient  evaporation  to  render  it  passable.  An 
attempt  the  following  day  to  run  from  B.  M.l,  E.,  to  the  westward  met  with  a  similar  result,  the 
characteristics  of  the  country  being  the  same  as  on  the  previous  day.  Finding  that  nothing  could 
be  done  here  at  this  time,  I  determined  to  move  camp  some  six  miles  up  the  river  and  make  another 
effort  at  that  ])oint.  A  boring  was  taken  at  B.  M.  1  and  a  depth  of  13  feet  reached,  showing  alluvial 
soil  similar  to  that  previously  found  on  the  banks  of  the  Atrato.  My  next  camp,  Camp  Pavo,  was 
established  eighteen  miles  from  the  mouth  of  the  river,  and  the  party  and  stores  moved  there  by 
canoes. 

Upon  proceeding  to  work  from  Camp  Pavo,  hills  varying  from  50  to  100  feet  in  height  were 
found,  and  as  these  increased  in  size  and  height  as  they  receded  from  the  river,  I  established  a 
bench-mark  on  a  northerly  bend  of  the  river,  and  worked  thence  to  the  eastward.  The  country 
was  so  broken  that  it  w^as  necessary  to  cross  several  of  these  ridges.  Eeconnaissances  developed 
the  general  direction  of  their  summits,  and  show^ed  that  they  were  offshoots  from  spurs  of  the  main 
divide  between  the  Napipi  and  the  Opogado,  descending  as  they  neared  the  river,  and  in  some  cases 
butting  on  the  river  itself,  with  bluffs  of  20  to  50  feet  elevation.  More  commonly  the  foot  of  the 
ridge  was  four  or  five  hundred  feet  back,  with  level  land  intervening.  Ow  ing  to  the  sharp  l>ends 
of  the  river,  it  was  impossible  to  run  the  line  through  these  foot-lands  in  most  cases;  still,  I  availed 
myself  of  them  whenever  practicable.  About  9,000  feet  to  the  eastward  of  B.  M.  9,  E.,  the 
last  of  the  ridges  was  crossed,  and  ground  reached  which  was  nearly  level,  and  evidently  subject 
to  overflow  during  the  height  of  the  rainy  season.  I  carried  the  work  as  tar  in  this  direction  as 
could  profitably  be  done  from  our  camp.  The  men  were  conveyed  to  the  nearest  point  of  the  line 
from  the  river  in  canoes,  and  then  reached  their  line  by  an  offset  from  the  river-bank.  The  Braso 
Muriel,  one  of  the  three  mouths  by  which  the  Napipi  discharges  its  waters  during  the  rainy  season, 
w  as  crossed,  and  carefully  cross-sectioned.  At  this  date  no  water  was  flowing  through  fix>m  the 
river,  but  the  drainage  of  the  surrounding  country  was  finding  an  outlet  through  it.  From  this 
point  to  the  Atrato  there  are  but  a  few  low  detached  hills,  and  these  could  have  been  avoided  by 
the  line  had  time  admitted  of  the  delay  necessary  to  run  the  curves.  These  hills  are  composed  of 
a  tenacious  red  clay,  and  seem  to  owe  their  existence  to  their  ability  to  resist  detrition  from  the 
heavy  rains. 

B.  M.  4,  E.,  having  been  established  as  far  to  the  eastward  as  work  could  be  (iarried  from  camp, 
the  line  was  resumed  from  B.  M.  9,  E.,  and  carried  thence  to  the  westward.  The  valley  of  a  large 
quebi*ada  flowing  nearly  east  had  been  previously  develope<l,  and  up  this  valley  the  survey  was  car¬ 
ried.  At  a  point  wiiere  the  valley  had  narrowed  to  500  feet  I  found  it  necessary  to  leave  it  and 
strike  at  once  across  the  hills  which  lay  in  our  path.  These  were  the  ridges  in  the  vicinity  of  the 
Amboribido,  and  although  the  line  was  piloted  over  the  most  favorable  depicssions,  the  work  was 
very  tedious  and  arduous.  The  summits  of  all  these  ridges  were  very  narrow  ,  not  more  than  6 
feet  in  width,  and  the  sides  precipitous.  So  steej)  were  the  slopes,  that  stations  for  the  instrument 
could  only  be  found  after  much  perseverance.  While  at  work  here,  camp  w  as  moved  still  higher 
up  the  river,  and  the  new  camp  designated  Camp  Loma.  With  regard  to  these  hills,  I  feel  confi¬ 
dent  that  while  the  line  surveyed  is  not  the  best  which  might  be  found;  still  none  materially  better 
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could  be  obtained  without  changing  the  river’s  channel  at  some  of  the  sharp  bends  and  carrying 
lino  and  river  both  more  to  the  southward.  After  crossing  the  Amboribido  hills,  level  ground  was 
met  for  a  mile,  when  we  again  struck  hills  crowded  together  in  such  profusion,  that  there  was  no 
level  ground  between.  The  country  here  is  a  complete  network  of  ridges,  which  begin  nowhere 
and  are  present  everywhere.  Etich  is  cut  off  from  the  next  adjoining  by  ravines,  and  these  ravines 
uniting  form  a  quebrado  whose  valley  is  generally  a  hundred  feet  wide.  In  hopes  of  avoiding 
these  ridges,  I  pushed  the  reconnaissances  into  the  interior  as  far  as  the  canal-line  could  be  carried, 
but  in  every  case  the  ground  rose  so  rapidly,  that  I  was  forced  to  abandon  this  hope,  and  hug  the 
river-bank  for  lowest  ground  as  closely  as  the  curves  and  straights  would  i)ermit.  These  hills  have 
a  depth  of  5  to  10  feet  of  earth,  and  the  remainder  is  solid  trap  rock,  as  evidenced  wherever  a 
a  bluff  tenninated  upon  the  river-l)ank. 

Upon  March  14  the  line  had  progressed  so  far  that  another  move  of  camp  was  nect\ssary,  and 
accordingly  Camp  Relief  was  established  six  miles  higher  up  the  river  and  thirty  miles  from  its  mouth. 
Upon  the  15th  instant  you  and  your  party  joined  us,  coming  from  above,  and  up  to  the  18th  instant 
both  parties  worked  in  unison.  On  the  evening  of  the  10th  party  No.  1  was  reorganized,  and  then 
consisted  of  Lieutenant  Eaton,  commanding;  Ensign  Barroll,  three  sailors,  and  four  peones  or 
macheta-men.  One  month’s  rations  were  issued ;  and  my  instructions  were  to  return  to  Camp  Palma, 
connect  bench-marks  4  and  1 ,  and  thence  to  work  eastward,  and  strike  the  Atrato,  if  possible.  If  not 
possible,  to  move  camp  to  the  Atrato,  near  the  point  where  the  line  was  to  connect  therewith,  and 
make  another  attempt  from  that  point.  Previous  information  with  regard  to  a  large  lake,  into 
which  the  Braso  Muriel  enqdies,  ha<l  led  me  to  hope  that  it  might  prove  of  use  to  us;  and  I  was 
further  instructed  to  examine  this  lake,  and,  should  it  be  servic^eable,  to  connect  a  line  of  levels 
therewith,  and  obtain  such  soundings  and  shore  line  as  time  would  allow. 

Up  to  this  date  the  health  of  the  party  had  been  exceptionally  good.  The  precautions 
observed  as  to  dry  clothing  to  sleep  in,  dry  tents,  and  preventive  doses  of  quinine  hml  kept  every 
one  in  excellent  health  and  spirits.  I  am,  moreover,  of  the  opinion  that  to  the  westward  of  the 
Braso  Muriel  the  country  is  as  healthful  as  any  in  the  tropics. 

At  daybreak  on  the  morning  of  March  10  my  party  embarked  in  two  large  canoes,  and  bidding 
good-by,  started  on  our  way  down  the  river.  We  had  expected  to  reach  Camp  Palma  early  in  the 
afternoon,  but  the  river  was  very  low,  and  [)assage  over  the  palisades  was  very  slow  and  difficult. 
It  was  long  after  dark  when  camp  was  reached.  The  following  morning  levels  were  resumed  from 
B.  M.  4,  E.,  and,  the  ground  being  firm  and  land  level,  excellent  progress  was  made  till  3  p.  m., 
when,  a  sudden  and  heavy  shower  coming  up,  B.  M.  3,  E.,  was  established.  The  next  day  the  line 
was  connected  with  B.  M.  1,  E.,  and  a  line  of  check-levels  run  between  bench-marks  2  and  1,  which 
difiTered  0.47  feet  from  previous  results.  This  was  undoubtedly  owing  to  the  swampy  nature  of  the 
ground  when  the  first  levels  were  taken. 

I  now  deemed  it  best  to  proceed  at  once  to  the  Atrato,  and  examine  the  lake  before  mentioned. 
Camp  was  broken  on  Saturday,  the  22d  instant,  and  the  party,  embarked  in  canoes,  reached  the 
Atrato  early  in  the  afternoon.  Sunday  was  observed  as  a  day  of  rest,  and  on  Monday,  leaving  Mr. 
Barroll  with  orders  to  follow  down  the  Atrato  as  soon  as  the  canoes  which  had  been  vsent  to  Vigia 
should  return,  I  proceeded  in  a  chin  go  down  the  Atrato  some  fifteen  miles  and  reconnoitered  Lake 
Muriel.  To  my  surprise,  the  lake  was  dry,  and  its  bottom  covered  with  a  short  green  grass  that 
gave  it  a  prairie  look,  delightful  to  one  whose  vista  had  been  so  narrowly  circumscribed  for  weeks. 
The  form  of  the- lake  is  elliptical,  and  its  major  axis,  which  lies  northwest  and  southeast,  has  a  length 
of  three  miles,  and  the  minor  axis  about  two ;  through  the  center  runs  the  channel  cut  by  the 
Braso  Muriel  during  the  dry  season.  From  the  position  of  the  lake  as  to  the  bends  of  the  Atrato, 
it  could  not  be  made  use  of  by  the  canal  line.  During  the  rainy  season  the  average  stage  of  water 
gives  a  uniform  depth  of  6  feet,  and  in  extreme  rises  its  banks  are  inundated  to  a  further  depth  of 
3  feet.  Being  satisfied  that  this  lake  was  not  available,  I  returned  to  my  party,  which  had  formetl 
a  camp  on  the  right  bank  of  the  Atrato  and  at  a  point  immediately  opposite  the  proposed  easterly 
terminus  of  the  canal-line.  A  bench-mark  w^iis  established  on  the  left  bank  and  all  the  surrounding 
trees  and  underbrush  cleared.  The  bench-mark  tree  was  blazed  and  marked  in  copper  tacks  as 
follows : 
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A  line  of  soundings  was  run  across  the  river,  showing  a  depth  of  6  fathoms  in  the  channel, 
and  shoaling  to  3  fathoms  near  the  banks.  The  Atrato  at  this  time  was  very  low,  the  high  water 
mark  being  about  30  feet  and  average  height  12  feet  above  the  then  level.  The  width  between  the 
banks  proper  was  850  feet.  With  the  water-surface  as  a  datum  point,  the  height  of  the  bench¬ 
mark  was  determined,  and  work  begun  on  the  main  line  to^the  westward. 

The  distance  to  the  nearest  bench-mark  on  the  Napipi  was  nearly  five  miles,  and  my  intention 
was  to  run  directly  towards  it.  This  1  found  to  be  impossible,  as  impassable  swamps  blocked  the 
way.  The  line  as  surveyed  skirted  the  northwestern  edges  of  a  large  swamp  to  the  south,  called 
by  the  natives  Palmerita.^  Whenever  opportunity  oifered,  the  course  broke  more  to  the  west, 
until,  in  order  to  avoid  another  wet  swamp  on  the  north,  called  ‘‘Murielito,’’  a  course  of  south  77^ 
west  was  taken  and  generally  followed.  As  soon  as  the  river-bank  had  been  left,  the  levels  fell 
constantly,  until  they  showed  an  elevation  of  12  feet  less  than  the  bank  and  but  6  feet  above 
that  of  the  river.  This  fact  accounts  for  the  existence  of  the  swamps,  which  were  yet  lower  than 
our  line.  During  the  great  rises  of  the  Atrato  and  Napipi  in  the  wet  season,  the  rivers  overfiow 
their  banks  and  inundate  the  surrounding  cnuntry.  At  such  times  the  waters  are  turbid  with 
sediment  brought  down  from  above,  which  raises  the  banks  till  they  assume  the  character  of  dikes 
to  the  back  lands.  Hence  the  back  country,  once  overflowed,  must  depend  for  its  drainage  on  a 
few  sluggish  rivulets  or  brooks,  whose  mouths  are  blocked  by  every  rise,  and  barely  opened  at  a 
low  level  before  another  rise  of  the  rivers  again  dams  them  up. 

As  the  line  advanced  to  the  westward,  coarse  swamp  and  hummock  grass  was  met,  and  ren¬ 
dered  the  clearing  of  a  trail  a  very  arduous  work.  There  were  very  few  trees,  chiefly  quita  ml 
palms,  whose  trunks  were  studded  ^vith  thorns  about  two  inches  in  length  and  sharp  and  strong  as 
needles.  Insects  of  all  kinds  abounded,  the  ants  being  pai'ticularly  numerous.  Every  tree  and 
shrub,  every  blade  of  grass,  was  covered  with  them,  and  we  experienced  much  pain  and  annoyance 
from  their  venomous  bites.  We  were  favored  with  clear  days,  but  the  intense  heat  of  a  vertical 
sun,  the  utter  absence  of  wind,  the  lack  of  wholesome  drinking-water,  and  the  marshy  condition 
of  the  ground  rendered  our  work  extremely  difficult  and  trying  on  all.  Open-water  swamps 
existed  on  both  sides  of  us,  and  we  were  very  fortunate  in  finding  what  may  be  aptly  tenned  a 
natural  causeway,  over  which  a  reliable  line  of  levels  could  be  carried.  Extreme  care  was  requi¬ 
site  in  the  settings  of  the  instrument,  owing  to  the  quaking  bogs  beneath.  Water  could  be 
obtained  at  a  depth  of  2  feet,  and  a  pole  shoved  down  14  feet  met  no  resistance.  As  it  was  im¬ 
perative  that  this  work  should  be  completed  before  fresh  rains  had  made  it  still  harder  to  per¬ 
form,  officers  and  men  were  worked  from  5  a.  m.  till  7  p.  m.  By  this  means  a  point  was  reached 
whence  a  connection  could  be  made  from  B.  M.  1,  E.,  and,  leaving  Mr.  Barroll  with  orders  to  push  on 
to  the  westward,  I  returned  up  the  Napipi  to  Camp  Palma  to  assist  in  connecting  the  line.  While 
making  this  connection,  1  was  attacked  by  fever  and  confined  to  my  hammock,  and  Mr.  Barroll, 
though  suffering  from  a  severe  sprain,  completed  the  line  of  levels;  and  there  was  now  a  clear  line 
from  the  Atrato  to  within  six  miles  of  the  Pacific.  Thus  ended  the  severest  labor  of  party  No.  1, 
a  labor  which  had  required  the  utmost  energies  of  every  one,  and  which  owed  its  su(‘ce^s  to  the 
untiring  labors  of  all  and  their  determination  to  get  through  at  all  hazards.  Upon  its  conq)letion 
every  white  man  was  sick  with  fever  acquired  in  the  swamp.  I  was  forced  to  wait  several  days 
before  I  could  set  out  for  the  Merindo.  Two  days  were  occupied  in  reaching  headquarters  at  that 
point. 

In  conclusion,  the  country  between  the  Atrato  and  B.  M.  26,  E.,  may  be  divided  into  three 
divisions,  and  the  topographical  characteristics  of  each  division  are  distinctly  marke<l.  The  first 
of  these  divisions  extends  from  the  Atrato  to  the  foot-hills  above  the  Braso  Muriel,  and  is  a 
plain  having  a  gradual  slope  towards  the  Atrato,  and  is  subject  to  inundations  during  the  rainy 
season.  The  ground  is  mainly  alluvial ;  has  few  traces  of  underlying  rock.  Blue  clay  was  found 
generally  at  a  depth  of  8  feet.  There  are  few  streams,  and  what  there  are  are  sluggish  and  small. 
The  woods  are  mostly  composed  of  palms,  although  an  occasional  b^carrd  tree  is  found,  and  are 
remarkably  free  from  underbrush  in  many  places.  The  level  of  this  plain  is  uniformly  lower  than 
the  banks  of  the  adjoining  rivers. 

The  second  grand  division  extends  from  the  Braso  Muriel  to  B.  M.  21,  E.,  and  is  broken  by 
steep  hills  and  spurs  from  the  main  divide  between  the  Opogado  and  the  Napipi,  which  at  this 


Digitized  by 


Google 


IKTEKOCEANIO  SHIP-CANALS. 


107 


point  lies  near  the  latter  river.  Directly  opposite  the  Amboribido  the  ridges  attain  a  (tonsiderable 
elevation,  and  teniiinate  by  clitts  on  the  river  bank.  In  the  exposed  strata  the  loam  has  a  depth  of 
from  five  to  ten  feet,  and  below  is  trap-rock,  seamed  and  disintegrated  by  the  action  of  the  hot  sun 
and  heavy  rains.  In  places  the  rock  may  be  whittled  with  a  knife,  but  at  a  trifling  depth  the  rock 
bec^ame  so  hard  that  the  knife  made  no  impression.  With  the  exception  of  one  level  spacM*  of  5,000 
feet,  the  valleys  intervening  between  the  hills  have  rarely  a  greater  mdth  than  300  feet.  The 
ra\ines,  dry  when  our  line  crossed  them,  were  very  numerous. 

The  third  division,  from  B.  M.  21,  E.,  to  B.  M.  26,  E.,  has  long  level  stretches  interrupted  by  an 
occasional  ridge  of  moderate  elevation.  The  absence  of  small  streams  gave  evidence  of  the  level 
character  of  the  land.  Bed  and  blue  clays  were  also  found  on  this  imrtion. 

The  otticers  and  men  of  the  party  were  always  willing  and  anxious  to  promote  the  success  of 
the  work.  Hail  it  been  otherwise,  our  tjisk  could  not  have  been  completed  in  the  time  allowed  us. 
I  am  particularly  indebted  to  Ensign  H.  H.  Barroll  for  valuable  service  and  untiring  energy  in  the 
prosecution  of  the  work.  Assistant  Surgeon  Ernest  Norfleet  aftbrded  much  assistance  by  aiding 
as  recorder,  and  performeil  his  duties  to  mj*  complete  satisfaction.  A  more  harmonious  party  I 
have  never  seen  ;  and  I  attribute  much  of  the  success  of  our  labors  to  the  hearty  co-operation  of 
every  one  engaged. 

1  am,  sir,  very  respectfully,  your  obedient  servant, 

JOS.  G.  EATON, 
Lieutetuintj  United  States  Nacy, 


Lieut.  Fredk.  Collins,  U.  S.  N., 

Washington^  D.  G. 


B. 

REPORT  OF  LIEUT.  J.  T.  SULLIVAN,  U.  S.  N.,  COMMANDING  PARTY  No.  2. 

INSTRUCTIONS. 

Headquarters  United  States  Exploring  Expedition, 
Junction  ofXapipi  and  Merindo  Rivers^  April  1,  1875. 

Sir  :  The  survey  for  the  location  of  a  route  for  a  ship-canal  from  the  point  of  crossing  the  Na- 
pipi,  alreaily  established,  to  Chiri-Chiri  Bay,  on  the  Pacific,  will  be  continued  under  your  direction. 

Your  familiarity  with  the  manner  in  which  the  survey  has  thus  far  been  conducted  rendei*s  any 
general  instnictioiis  unnecessary. 

The  special  points  requiring  your  attention  will  be  the  location  of  the  eastern  and  western  ])or- 
tals  of  the  i)ro[)osed  tunnel,  and  the  most  favorable  site  for  the  locks  required  for  the  descent  to 
the  Paiufic. 

In  regard  to  the  first,  your  line  will  follow  the  general  direction  of  the  valley  of  the  Doguado, 
keeping  as  i»ear  to  the  river  as  may  be  necessary  to  secure  the  best  ground  until  an  elevation  is 
reached  that  would  reciuire  a  cutting  of  more  than  200  feet  in  depth.  Such  an  elevation  will  be 
reached  at  a  point  189  feet  above  B.  M.  No.  1,  C.,  but  should  that  point  be  found  on  the  sum¬ 
mit  of  a  sharp  spur  crossing  the  line,  the  survey  should  be  continued  until  the  average  elevation 
of  two  such  spurs  and  the  intervening  valley  equals  or  exeee<ls  180  feet. 

The  point  thus  determined  will  mark  the  location  of  the  eastern  face  of  the  tunnel.  Having 
established  it,  you  will  carry  your  line  to  the  bed  of  the  Doguado,  and  (iontinue  your  courses,  dis¬ 
tances,  and  levels  up  that  stream  to  a  (‘onvenient  point  for  cros.sing  the  divide  and  descending  to 
Chiri-Chiri  Bay.  Here  you  will  give  your  attention  to  finding  the  most  favorable  location  for  the 
locks  required  for  the  descent.  This  will  probably  be  found  in  the  valley  of  the  Chiri-CJiiri  River, 
which  you  will  examine  (‘arefully,  not  only  running  a  line  down  it  to  connect  our  levels  with  bench¬ 
mark  No.  1  of  the  survey  of  1873,  but  making  as  many  cross-sections  as  may  be  necessary  to  afford 
sufficient  data  for  calculating  the  excavation  re<piired  by  the  lo<*ks,  however  they  may  be  ])laced. 

The  location  of  the  western  face  of  the  tunnel  will  be  determined :  first,  by  the  elevation,  which 
of  course  must  equal  that  of  the  eastern  face ;  second,  by  the  most  fa  vorable  loc«ation  for  the  locks. 
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If  beucli-iiiark  No.  1  of  the  survey  of  1873  can  be  jiositively  identified,  you  will  (connect  your 
line  of  levels  with  it;  otherwise  it  will  be  necessary  to  establish  a  tide-g:aii^e  at  (3liiri  Chiri,  and 
spend  whatever  time  you  may  be  able  to  spare  in  obtainiujr  observations  for  the  reduction  of  your 
last  bencli-mark  to  the  plane  of  mean  tide. 

You  will  be  careful  to  secure  8i>ecimeus  of  the  earth  or  rock  met  on  the  line  of  survey,  especially 
when  the  line  may  be  crossed  by  a  deep  quebrada,  in  which  case  the  character  and  depth  of  the 
exposed  strata  should  be  noted  in  the  field-book,  and  specimens  of  each  obtained.  Any  data  that 
may  have  any  bearing  on  determining  the  depth  of  the  stratum  of  earth  overlying  the  bed-rock 
and  the  character  of  that  rock  are  important  and  should  be  secured. 

In  case  you  should  discover  any  indications  of  limestone,  or  of  any  stone  suitable  for  construc¬ 
tion,  you  should  obtain  all  possible  information  concerning  the  lo<*ation  and  extent  of  the  beds  in 
which  they  may  be  found,  noting  es|>ecially  their  accessibility  and  proximity  to  the  canal-line. 

Note  in  your  journal  the  character  of  the  weather  daily,  stating  particularly  the  number  of 
hours  during  which  you  may  be  prevented  from  working  by  heavy  rains. 

All  ravines  and  water-courses,  wet  or  dry,  passed  over  by  the  line  of  survey  should  be  care¬ 
fully  measured  and  the  cross-section  entered  in  the  field-book. 

In  locating  your  line,  remember  that  curves  of  a  less  radius  than  2,500  feet  are  inadmissible. 

It  is  desirable  to  obtain  by  re<*onnai8sance  or  otherwise,  the  profile  of  the  surface  of  the  ground 
over  the  tunnel,  but  this  is  a  secondary  consideration,  and  need  not  engage  your  attention  till  the 
more  important  data  required  are  all  .secured. 

Preserve  carefully  the  original  data  in  all  cases,  and  keep  smooth  <*opies  up  to  date  to  guard 
against  accidental  loss. 

Lieut.  S.  C.  Paine  and  Assistant  Surgeon  Norfleet  have  beei’i  <lirected  to  report  to  you  to  assist 
you  in  this  work.  In  addition,  you  will  hire  as  many  natives  as  may  be  necessary. 

Very  respectfidly. 


FKEDEIUCK  COLLINS, 
TAentenantj  Commanding)  Expedition, 


Lieut.  J.  T.  Sullivan,  U.  S.  N., 

Commanding  Party  No,  2, 


Aspinwall,  United  States  of  Colombia,  May  9,  1875. 

SiE  :  I  respectfully  report  that,  in  obedience  to  your  orders  of  April  I,  1875,  1  assumed  charge 
of  surveying  party  No.  2  on  that  same  date,  and  immediately  proceeded  to  carry  out  your  instruc- 

tions. 

Lieut.  S.  C.  Paine  was  placed  in  charge  of  the  instrumental  portion  of  the  survey  and  Assisbint 
Sui’geon  Ernest  Norfleet  was  detailed  to  nid  him. 

It  was  considered  advisable  to  limit  the  number  of  the  party,  as  the  work  wiis  to  be  cairied 
through  a  tract  of  country  which  ottered  many  obstacles  to  the  forwarding  of  supi)lies,  and  the 
object  sought  was  to  reduce  the  quantity  of  provisions  to  be  transported  by  limiting  the  number  to 
be  subsisted  to  a  minimum  working  force. 

The  usual  routine  of  working  wa«  carried  on,  the  party  generally  leaving  camp  at  seven  o’clock 
and  returning  at  five.  The  instrument  was  carefully  adjusted  every  morning,  and  after  returning 
to  camp  the  work  of  the  day  was  proved,  copied  into  the  smooth  field  book,  and  plotted  on  the 
chart.  This  was  no  small  labor  after  a  day’s  work,  and  freciuently  we  were  kei)t  up  till  quite  late 
till  it  was  finished. 

Whenever  it  was  practicable,  I  made  reconnaissances  ahejul  of  the  main  line  and  secured  approx¬ 
imate  elevations  by  use  of  the  hand-level,  and  the  traverse  by  imcket-compass  and  pacing.  From  the 
data  furnished  by  these  reconnaissances  I  was  enabled  to  lay  out  the  best  course  for  the  line  to 
take  on  the  following  day,  and  whenever  it  became  necessary  to  lay  in  a  curve  your  instructions 
were  carried  out,  as  no  curve  of  a  shorter  radius  than  2,500  feet  was  introduced. 

The  work  of  leveling,  under  the  immediate  charge  of  Lieutenant  Paine,  was  earned  on  with  a 
conscientious  regard  for  accuracy.  The  elevations  obtained  by  use  of  the  hand-level  were  sutti- 
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ciently  accurate  for  the  purpose  of  reconnaissance,  and  could  generally  be  relied  upon  within  three 
or  four  feet.  It  frequently  happened  when  it  was  possible  to  connect  with  a  station  on  the  main 
line  to  find  the  elevations  agreeing  within  one  foot. 

The  work  was  carried  on  with  but  few  interruptions  ttoin  the  weather,  although  after  the  11th 
of  April  there  was  a  great  deal  of  rain,  but  fortunately  most  of  it  fell  during  the  niglits  and  on 
camp-moving  days.  The  party  lost  two  field-days  on  account  of  rain,  on  one  of  whicli  they  remained 
in  camp  altogether,  and  on  the  other  tliey  had  reached  the  point  after  an  exceedingly  hard  walk  of 
two  miles,  when  rain  set  in  and  continued  the  remainder  of  the  day.  The  party  remained  in  the 
field  until  afternoon,  in  hopes  that  by  a  cessation  of  the  rain  they  might  be  able  to  do  some  work 
on  the  line,  but  no  evidence  of  clearing  weather,  and  a  rising  river,  made  them  return  to  camp. 

The  line  of  survey  is  natiu*ally  divided  into  three  divisions :  the  first  from  the  basin,  at  the 
junction  of  the  Napipi  and  Merindo  Rivers,  to  the  eastern  portal  of  the  tunnel ;  the  second  by  the 
bed  of  the  river  Doguado  to  the  main  divide  and  across  it  to  the  Pacific,  connecting  with  bench¬ 
mark  No.  1,  1873 ;  and  the  third  from  this  point  up  the  bed  of  the  Chiri-Chiri  to  the  western  portal 
of  the  tunnel. 

The  first  portion  of  the  hue  after  leaving  the  basin  passes  over  flat  country  for  only  1,200 
feet,  when  it  encounters  the  end  of  a  spur,  which  itcan-ies  to  the  Merindo-Doguado  divide,  cross¬ 
ing  it  at  an  elevation  of  216  feet.  This  point  of  crossing  is  in  close  proximity  to  the  Napipi,  and 
was  determined  upon  as  the  place  of  least  elevation,  and  the  best  to  encounter  the  divide,  from  an 
extended  reconnaissance  along  the  divide  and  several  of  its  spurs  on  the  Doguado  slope.  Ilad  the 
line  followed  a  more  direct  course,  it  would  not  only  have  passed  over  a  greater  elevation,  but 
would  have  crossed  the  spurs  diagonally  instead  of  at  right  angles.  After  leav  ing  the  divide  the 
line  encounters  spiu-  after  spur,  which  it  crosses  at  rapidly  increasing  elevations,  until  it  reaches 
and  passes  for  a  short  distance  the  point  where  open  cutting  terminates  and  tunneling  begins. 

The  spurs  are  all  connected  to  the  dividing  ridge  as  the  veins  of  a  leaf  are  to  the  principal 
vein,  and  have  minor  spurs  shooting  off  from  them.  They  are  uniform  in  slope,  having  a  rise  of 
about  1.5  to  1,  and  a  narrow  crest  which  in  many  places  can  be  strmldled.  The  ridges  are  of 
solid*  rock,  having  an  average  of  eight  feet  of  hard  clayey  surface-soil,  which  on  the  steep  slopes 
is  prevented  from  washing  away  by  the  intertwining  roots  of  a  densely  grown  forest. 

Along  this  division  of  the  line  the  rock  as  seen  exposed  in  the  ravines  was  trap,  and  occasion¬ 
ally  large  masses  of  flint  were  seen.  Specimens  of  each  variety  of  rock  met  with  have  been  se¬ 
cured,  and  the  locality  where  found  properly  recorded. 

Having  obtainecl  a  permanent  elevation  greater  than  that  which  determined  the  imint  of  tun¬ 
neling,  the  line  was  carried  to  the  Doguado,  and  up  that  river  to  the  main  divide  in  the  vicinity  of 
camp  2,  1873. 

There  being  no  set  courses  to  follow  and  no  cutting  required,  the  line  advanced  rapidly’  at  the 
rate  of  1.25  miles  a  day  for  six  field  days,  which  brought  it  in  the  vicinity  of  the  main  divide  and 
near  the  point  where  the  line  of  1873  crosses  it. 

The  Doguado  is  a  large  mountain  stream,  and  in  that  portion  over  which  the  line  passes  is 
exceedingly  wild  and  rugged.  In  the  distance  passed  over,  seven  and  a  half  miles,  it  has  a  fall  of 
nearly  600  feet  over  a  bed  of  rock  filled  with  huge  bowlders  and  large  stones.  The  falls  are  numer¬ 
ous  and  remarkably  beautiful.  Before  reaching  the  lower  portion  of  the  river,  where  the  fall  is 
more  gradual,  it  flows  through  a  series  of  four  gorges  which  it  has  worn  through  the  solid  roiik. 
These  gorges  are  from  10  to  15  feet  wide,  aiid  the  cliffs  of  dark  (colored  rock  are  from  20  to  60  feet 
high.  The  pools  being  very  deep,  the  water  looks  almost  black,  and  adds  to  the  somber  aspect, 
which  is  only  relieved  by  the  numberless  cascades  which  fall  from  tlie  adjoining  cliffs. 

Throughout  the  portion  followed  by  the  line  the  river  winds  around  the  bases  and  ends  of 
ridges,  and  there  is  not  in  any  single  locality  an  acre  of  flat  country.  In  the  vicinity  of  camp  2, 
1873,  the  river  has  a  more  moderate  fall,  and  for  a  distance  of  about  a  mile  apparently  flows  through 
a  table-land. 

Leaving  the  river  the  line  was  carried  to  the  trail  of  1873,  and,  followuig  this,  crossed  the  divide 
at  an  elevation  of  780  feet.  Following  down  a  spur  on  the  Pacific  slope,  the  beacli  was  remiied 
and  the  line  connected  with  bench-mark  No.  1,  1873,  the  deviation  of  which,  as  determined  by  our 
levels,  is  12.7  feet  above  mean  tide.  The  distance  of  this  bench-mark  from  where  we  left  the  Do- 
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^XUiido  is  7,200  feet,  blit  a  direct  line  to  the  beach  is  much  sliorter,  as  the  beatino;  of  the  surf  was 
l)lainly  audible  in  our  camp  at  the  headwaters  of  the  Doguado. 

The  selection  of  the  best  location  for  the  western  terminus  of  the  canal  was  easily  determined, 
as  the  valley  of  the  Chiri-Chiri  was  the  only  place  where  the  ne(*(*ssary  horizontal  distance  could  be 
se(*ured  for  the  locks  required.  Accordinj^ly,  a  line  having  as  its  initial  point  bench-mark  No.  1, 
1873,  was  carried  u])  the  bed  of  the  Chiri-Ohiri  until  an  altitude  of  354  feet  wi\s  obtained,  being 
14  feet  higher  than  the  point  which  determines  the  westeni  portal  of  the  tunnel. 

The  Chiri-Chiri  is  a  small  mountain  stream,  and  drains  a  small  area  of  country  lying  between 
the  spur  upon  which  the  main  line  runs  and  another  large  spur  about  one  mile  to  the  northward. 
It  has  its  rise  near  the  summit  of  the  divide,  and,  having  such  a  short  distance  to  discharge  in,  its 
fall  is  very  rapid.  The  lower  part  of  the  stn^ain  is  about  50  feet  wide,  but  within  a  distance  of 
3,000  feet  from  its  mouth  it  becomes  much  narrower,  and  when  the  line  ende<l  it  was  only  20  teet 
wide.  Its  bed  is  of  hard  rock  and  is  tilled  with  bowlders.  On  each  side  of  the  stream  the  banks 
rise  precipitously  and  run  up  into  hills. 

In  order  to  obtain  data  for  the  approximate  location  of  the  locks  and  the  amount  of  excavation 
needed,  I  intended  running  a  series  of  seven  cross-sections  up  to  the  summit-level  of  the  canal,  com¬ 
mencing  at  an  elevation  of  20  feet  above  mean  tide  and  taking  each  cross  section  at  a  regularly- 
increasing  altitude  of  20  feet.  The  first  of  these  cross-sections  was  commenced  and  was  advancing 
very  slowly  on  account  of  the  ditficulty  of  obtaining  settings  for  the  instrument,  when  the  work  was 
abandoned  in  accordam^e  with  orders  from  you,  received  by  me  on  the  20th  April.  By  these  orders 
I  Wiis  instructed  to  stop  work  and  return  with  the  party  to  headquarters,  using  the  utmost  dis])atch, 
as  the  Canandaigua’s  boats  were  awaiting  us  at  the  mouth  of  the  Najnpi,  and  w  ere  limited  as  to 
time.  These  orders  w^ere  received  about  noon,  and,  returning  immediately  to  camp,  ])reparations 
w  ere  at  once  made  to  cross  over  the  divide  that  afternoon  to  Camp  Alto.  Everything  in  the  way 
of  camp-gear  and  provisions  not  a<*tually  necessary  was  left  bediind  that  we  might  go  traveling 
light.  On  the  morning  of  the  30th  April  the  party  breakfasted  by  candle-light,  and,  w  ith  knap¬ 
sacks,  shouldered,  awaited  daylight  to  take  the  trail.  Light  loads  and  light  hearts  made  the  journey 
bjick  to  headquarters  a  remarkably  swift  and  comparatively  easy  one. 

Previous  to  connecting  the  line  I  had  made  a  reconnaissance  along  the  main  divide  to  the 
northward  for  a  (bstance  of  about  a  mile.  I  expertenced  very  little  difficulty  in  keeiung  the  divide 
and  found  it  running  at  about  the  same  general  elevation  as  wdiere  the  line  crosses  it.  The  prin¬ 
cipal  object  of  this  reconnaissance  was  to  locate  and  connect  with  it  an  intended  barometrical 
recoiuiaissance  over  the  line  of  the  tunnel  to  B.  M.  38,  S.,  the  point  where  the  line  left  for  the 
river,  and  thus  secure  a  fair  profile.  The  sudden  recall,  however,  precluded  the  possibility  of 
accomplishing  this.  My  arrangements  for  making  this  reconnaissance  were  to  start  the  Indian 
Bajelita  and  his  companions,  as  soon  as  their  services  could  be  spared,  to  cut  sis  straight  a  trail  as 
possible  to  B.  M.  38,  S.,  and  in  returuing  to  headquarters,  after  finishing  the  work  on  the  line, 
I  could  use  this  trail,  traveling  light,  letting  the  party  return  by  w  ay  of  the  riv(*r.  Knowing  the 
task  w  as  a  hard  one,  I  did  not  broach  the  subject  to  the  Indians  until  I  had  flattered  them  upon 
their  knowledge  of  the  country  and  their  superior  tact.  They  were  not  stimulated  by  this  dose  of 
flattery,  but  received  it  w  ith  distrustful  looks,  having  received  an  inkling  of  what  I  was  ultimately 
going  to  propose  to  them  from  a  conversation  which  they  had  previously  overheard.  Coining  to 
the  point  and  telling  them  what  I  exi)ected  them  to  do,  th(\y  looked  exceedingly  unhappy,  })leaded 
sickness,  and,  enumerating  the  many  obstacles  to  be  overcome,  expressed  their  unwillingness  to 
carry  out  my  orders.  The  matter  was  allowed  to  rest  here  through  a  motive  (»f  policy,  thinking 
that  when  the  line  was  connected  and  we  were  about  to  start  on  our  return  tin*  Indians  w^ould  be 
in  better  spirits  and  willing  to  carry  out  my  plans.  Being  obliged  to  leave  the  field  soon(*r  than 
expected,  these  arrangem(*nts  Avere  upset,  and  I  was  obliged  to  return  without  the  iirofile  over  the 
line  of  tunneling.  From  their  knowledge  of  the  country  the  Indians  knew  that  the  proposeil  trail 
would  have  to  cross  every  spur  from  the  Meriudo-Doguado  divide  between  the  points  of  departure 
and  B.  M.  38,  S.,  whiejh  would  make  the  work  of  cutting  and  climbing  over  these  steep  ridges 
very  difficult.  To  trails  of  this  kind  they  are  not  at  all  partial,  preferring  to  obtain  better  walking, 
at  the  expense  .pf  distance,  by  following  the  crests  of  ridges.  An  Indian  trail  from  one  river  to 
another,  instead  of  attempting  to  follow  a  generally  straight  (course,  would  mscend  a  sjAur  to  the 
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divide  between  the  rivers  and  follow  this  until  a  spur  on  the  other  slope  was  reaehed,  by  which  they 
would  descend  to  the  other  valley.  It  has  generally  been  supposed  that  their  object  in  having 
these  trails  follow  high  giound  was  to  secure  better  walking  during  tlie  season  of  floods;  but  the 
fact  is  they  secure  better  walking  at  all  seasons  by  following  the  ridges  instead  of  crossing  them. 

•  Owing  to  the  greater  part  of  the  work  being  beyond  the  head  of  canoe  navigation,  the  labor 
of  camp-moving  and  of  forwarding  su])plies  was  very  severe.  This  work  was  carried  on  tis  ex])e- 
ditiously  as  possible,  that  the  survey  might  not  be  delayed ;  and  particular  attention  was  given  to 
the  selection  of  the  sites  for  our  cami)s  and  to  their  construction  with  a  view  to  comfort.  Experi¬ 
ence  teaches  that  the  extra  time  taken  to  make  a  camp  comfortable  and  attractive  is  far  from  being 
lost.  Returning  from  the  field  weary  and  exhausted,  wet  and  dirty,  one  will  anticipate  the  pleas¬ 
ures  of  a  good  camp ;  and  on  arriving  there,  after  indulging  in  the  luxuries  of  a  bath,  clean  clothes, 
and  a  well-cooked  meal,  will  become  forgetful  of  the  hardships  of  the  day,  and  from  this  relaxation 
be  the  better  fitted  for  the  work  on  the  morrow. 

The  materials  of  which  the  ration  was  composed  were  excellent,  and  in  the  hands  of  our  cook, 
a  zealous  and  painstaking  man,  were  served  up  temptingly  and  in  a  surprising  variety.  The  ration 
was  bountiful,  and,  \ritli  ordinary  care,  generally  ran  ahead.  The  item  of  pickles  was  the  only  one 
to  fall  behind ;  and  it  would  be  well  to  suggest  a  plentiftd  allowance  to  any  future  expedition.  The 
bread,  although  com[)actly  stowed,  was  bulky,  and  1  think  that  fully  as  much  as  one-half  the  allow¬ 
ance  could  with  great  advantage  be  supplemented  by  corn-meal. 

The  health  of  the  party  was  generally  good,  and  their  spirits  dependent  on  the  progress  made 
and  the  condition  of  the  weather.  A  rainy  day  in  camp  would  lower  the  spirits  of  the  party  more 
than  anything  else. 

Throughout  the  existence  of  the  party  the  greatest  harmony  prevailed,  and  all  work  was  faith- 
fiilly  and  cheerfully  executed. 

Very  respectfully. 


Lieut.  Frederick  Collins,  U.  S.  K, 

Commanding  JJ,  S.  E.rploring  Expedition, 


JNO.  T.  SULLIVAK, 

Lieufenant^  U,  8.  N, 


C. 

REPORT  OF  LIEUT.  S.  C.  PAINE,  U.  S.  N,,  ON  METEOROLOGICAL  OBSERVATIONS  AND  EXPERIMENTS 

FOR  ASCERTAINING  THE  FLOW  OF  THE  NAPIPI. 

Bangor,  Maine,  Jtdy  26, 1875. 

Sir  :  In  obedience  to  instructions,  I  have  the  honor  to  submit  the  following  report  of  the  result 
of  the  meteorological  observations  and  the  experiments  for  ascertaining  the  water-supply  of  the 
Napipi  River  during  the  months  of  February,  March,  and  April  of  the  present  year. 

On  arriving  at  headquarters  on  the  13th  February,  observations  were  commenced  and  con¬ 
tinued,  with  the  exception  of  two  weeks,  at  that  point  till  the  29th  April,  when  the  party  started 
upon  its  return  to  the  Canandaigua.  All  barometrical  observations  must  accordingly  be  referred 
to  this  point,  which  is  150  feet  above  the  sea-level. 

On  the  same  d«ay  a  careful  cross-section  of  the  Napipi  was  maile  immediately  below  the  junction 
of  that  river  with  the  Merindo.  This  section  was  established  in  the  following  manner:  A  bench¬ 
mark  was  first  made  on  a  tree  on  the  bank  as  a  point  of  reference.  From  this  bench-mark  to 
the  river-points  in  line  were  established  five  feet  apart,  and  their  height  determined  relatively  to 
that  of  the  bench-mark  by  means  of  the  level.  From  the  water-level  to  the  opposite  shore  accurate 
soundings  were  taken  at  like  distances,  and  from  these  soundings  the  mean  ordinate  was  computed. 
It  wiis  only  necessary  then,  at  any  fiiture  time,  to  fiml  the  water  level  by  one  setting  of  the  level, 
apply  the  ditfenmee  between  the  level  as  found  and  that  on  the  initial  day  to  the  mean  ordinate, 
measure  the  distance  from  the  bench-mark  to  the  water’s  edge,  and  with  the  velocity  of  the  current 
the  data  was  at  hand  for  computing  the  volume. 
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This  method  resulted  not  only  in  a  great  saving  of  time,  which  with  a  small  party  was  very 
desirable,  but  enabled  us  to  take  accurate  cross-sections  when,  by  reason  of  a  rise  and  increased 
velocity  of  the  river,  soundings  would  have  been  very  liable  to  en’or. 

The  velocity  of  the  current  was  found  by  means  of  a  “  current-meter.^  The  mean  of  several 
observ^ations  of  the  surface- velocity  was  taken,  and  the  mean  velocity  was  taken  as  0.84  of  the 
result. 


The  past  season  was  an  exceptionally  dry  one,  the  entire  rainfall  amounting  only  to  10.42 
inches,  and  the  volume  of  the  river  is  probably  never  less  than  the  minimum  volume  as  recorded. 

The  great  and  rapid  changes  to  which  the  volume  is  liable  is  shown  by  an  inspection  of  the 
record  for  the  10th  and  11th  of  April,  when  a  rainfall  of  1.84  inches  caused  an  increase  in  the  volume 
from  340,000  cubic  feet  per  hour  to  11,105,000  cubic  feet. 

The  annual  change  of  seasons  comprises  two  dry  and  two  wet,  the  middle  of  each  correspond¬ 
ing  respectively  to  the  arrival  of  the  sun  at  the  equinoctial  and  solstitial  points. 

The  average  temperature  at  midday,  as  shown  by  a  thermometer  exposed  to  the  sun,  was  90.7'^ 
P'alir.,  the  maximum  being  114^  and  the  minimum  82o  Fahr. 

The  prevailing  wind  blows  from  the  southward,  sometimes  varying  a  little  to  the  east  or  west 
of  that  point.  A  fresh  breeze  usiuilly  springs  up  about  10  a.  m.  and  lasts  till  nearly  sundown. 

The  accomi)anying  charts  (see  Plate  IX)  show  the  barometric  and  thermometric  heights,  the 
relative  humidity  of  the  atmosphere,  the  rainfall,  and  the  daily  volume  of  the  Napipi.  The  readings 
of  the  instruments  are  given  for  every  four  hours  with  the  exception  of  12  p.  m. 

The  same  data  is  also  arranged  in  tabulated  form  and  appended  to  this  report. 

The  following  instruments  were  used  in  obtaining  the  foregoing  data : 

One  aneroid  barometer  with  attached  thermometer,  marked  ‘‘  Josh.  T.  Large,  27,552.” 

One  aneroid  barometer,  compensated,  graduated  to  10,000  feet  of  elevation,  markecl  ‘‘Jas. 
Green.” 

Two  delicate  ivory  scale  thermometers,  marked  A,”  ^‘B,”  ^‘1804,  Jas.  Green.”  The  former  of 
these  was  used  as  a  wet  bulb ;  the  latter,  dry. 

Two  ordinary  shiiVs  thermometers,  marked  “  2907  ”  and  ‘‘  2842,”  ‘‘  Jas.  Green.” 

One  rain-gauge,  made  also  by  Jas.  Green,  consisting  of  a  cylindrical  coi)per  vessel,  area  20 
square  inches,  and  a  glass  vessel  graduated  to  measure  the  rainfall  to  one  hundredth  of  an  inch. 

One  current-meter,  by  Jas.  Green. 


Very  respectfully, 


SUMNER  C.  PAINE, 


lAeutmanU  U.  S.  A. 


Lieut.  Fredk.  Collins,  U.  S.  N., 


Washington^  D,  C, 
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TahU:  showing  the  meteorological  observations  and  the  average  konrlg  volume  of  the  Napipi  River  during  the  months  of  February ^ 

March,  and  April,  1875. 

[Lieut.  S.  C.  Paine,  United  States  Navy,  obser^  er.] 

Notk. — The  column  marked  “  vol.”  shows  the  average  hourly  flow  of  the  Napipi  for  each  da^  in  cubic  feet.  The  barometrical  record  is 
of  value  only  as  showing  the  variations  in  the  pi-es.siire  of  the  atmosphere.  The  correction  which  *^hould  have  been  applied  to  reduce  the 
readings,  was  lost  after  it  was  too  late  to  obtain  another  comparison  with  the  standard. 

The  letters  in  the  “weather"  column  have  the  following  signiflcatious:  6,  blue-sky;  c,  clouds;  o,  overcast;  p,  passing  showers;  r,  rain  ; 
U  thunder;  1,  lightning. 
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RKPORT  OF  ASSISTANT  SURGEON  ERNEST  NORFLEET.  U.  S.  N. 

Washington,  August  2,  1875. 

Sir  :  In  obe4lieii<*.e  to  your  order,  I  liave  the  houor  to  siibimt  a  sanitary  report  of  the  expedi¬ 
tion  enj?af]:ed  in  the  survey  of  the  valley  of  the  Napipi  during  the  past  winter. 

The  region  with  which  the  following  report  has  to  do  lies  wholly  within  the  province  of  Choco, 
a  small  section  of  country  situated  in  the  northern  part  of  the  United  States  of  Colombia,  South 
America.  It  contains  about  eight  thousand  square  miles,  and  is  thus  bounded  :  On  the  north,  by  the 
state  of  Panama  and  the  Gulf  of  Darien ;  on  the  east,  by  the  Provinces  of  Antioquia  and  Cauca ;  on 
the  south,  by  the  Province  of  Buenaventura;  and  on  the  west,  by  the  Pacific  Ocean. 

This  country  is  drained  by  the  Atrato  River  and  its  tributaries ;  a  broad  and  deep  stream,  which, 
taking  its  origin  in  the  valley  between  the  Conlilleras  and  the  range  of  high  hills  skirting  the 
Pacific,  flows  in  a  course  ahnost  due  north  for  more  than  three  hundred  miles,  and  pours  its  waters 


Digitized  by 


116 


INTEROCEANIC  SHIP  CANALS. 


by  many  mouths  into  the  Gulf  Of  Darien.  For  the  first  seventy-five  miles  the  banks  are  too  low 
for  cultivation,  beings  subjeot  to  constant  inundation ;  but  above  this  point  they  are  liigher  and  very 
fertile,  though  owing  to  the  sparseness  of  the  population  not  much  is  cultivated.  About  one  hun¬ 
dred  and  forty  miles  from  its  mouth  the  Atrato  is  augmented  by  the  influx  from  the  Avest  of  the 
small  river  Napipi,  a  little  to  the  north  of  which  passes  the  line  of  survey.  From  the  mouth  of 
this  river  to  the  Pacific  coast  the  distance  is  nearly  thirty  miles,  but  the  tortuous  course  of  the 
stream  more  than  doubles  that  figure. 

Piussing  up  the  Napipi,  the  country  is  low  and  swampy  till  you  rea<?h  a  distance  of  ten  miles 
when  hills  are  met  with  from  50  to  100  feet  high.  This  chanicter  of  the  country  continues  for  four  or 
five  miles,  and  then  there  is  an  elevated  table-land  for  about  the  same  extent.  From  this  point  to  the 
Pacific  the  country  is  all  very  hilly,  and  in  parts  almost  inountiiinous,  the  elevation  increasing  as  the 
ocean  is  neared,-  and  reaching  its  highest  point  only  a  mile  from  the  sea. 

The  soil,  as  a  rule,  is  quite  fertile ;  that  near  the  Atrato  is  evidently  the  result  of  frequent  inun¬ 
dation,  and,  like  all  alluvial  lands,  very  productive. 

The  forests  are  excei*dingly  thick,  and  contain  numbers  of  immense  trees,  some  of  which  are 
very  valuable  as  timber.  From  these  trees  hang  innumerable  creepers,  and  the  undergrowth  is  so 
dense  that  in  many  places  it  is  impossible  to  pass  without  cutting  a  trail. 

The  products  of  the  country  are  comparatively  few,  though  with  some  care  and  attimtion  it 
would  be  possible  to  raise  many  more  kinds  of  food- stuffs  than  are  at  present  found  in  this  locality. 
Only  the  banks  of  the  rivers  are  cultivated,  and  these  to  a  very  limited  extent ;  for  little  attention 
is  required  to  grow  the  natural  products  of  the  country,  and  beyond  this  the  nativ  es  do  not  care  to 
exert  themselves.  They  raise  plantains,  bananaa,  Indian  corn,  yams,  and,  I  think,  a  little  ri<?e. 
They  have  likewise  some  vegetables,  but  mostly  of  the  melon  genus,  and  of  little  value  as  food. 
There  is  a  dearth  of  fruits  ;  oranges,  cocoa-nuts,  and  lemons  being  entirely  absent,  and  the  guava 
and  alligator- pear  the  only  ones  worthy  of  mention.  The  plantain  bikes  the  place  of  bread,  and 
forms  an  excellent  substitute ;  it  is  probably  most  nutritious  when  a  little  more  than  half  ripe,  and 
when  roasted  in  this  state  makes  a  very  palatable  article  of  food.  A  healthy  man  will  consume 
about  six  a  day.  The  natives  boil  them  with  fish.  The  plant  is  exceedingly  productive ;  each  one 
bears  five  or  six  bunches  a  year,  while  each  bunch  contains  about  seventy  plantains.  As  the  trees 
stand  only  10  or  12  feet  apart,  an  acre  will  contain  about  four  hundred,  and  it  will  readily  be  seen  what 
an  enormous  amount  of  food  a  small  portion  of  land  may  be  made  to  yield.  There  is  no  cultivation 
necessary  except  to  cut  out  the  weeds  and  bushes  two  or  three  times  a  year.  The  natives  are  quite 
fond  of  Indian  com,  but  too  indolent  to  give  it  the  necessary  attention  required  to  produce  a 
good  crop. 

The  South  American  yam  is  a  species  of  vegetable  which  much  resembles,  both  in  taste  and 
appearance,  our  own  Irish  potatoe.  It  is  cultivated  in  the  same  manner  as  the  latter,  and  is  pre¬ 
pared  for  the  table  in  a  variety  of  ways,  such  as  boiling,  frying,  &c. 

For  iiveat,  the  natives  depend  chiefly  on  fish,  which  they  take  in  net^  in  great  numbers  froni 
the  Atrato,  and  then  cure  by  smoking  and  salting.  The  kind  preferred  is  the  bocachica,  a  very 
palatable  fish  when  fresh.  They  have  some  pigs  and  fowls,  but  very  few,  and  for  the  most  part 
get  what  food  they  use  of  this  kind  from  the  woods,  which  abound  in  wild  hogs,  turkeys,  ducks, 
quails,  a  species  of  grouse,  and  many  other  animals.  Their  habitations  are  little  huts  situated  on 
the  banks  of  the  rivers,  raised  a  few  feet  from  the  ground  on  piles,  and  made  of  split  palms,  open 
at  two  sides,  and  thatched  with  palm  leaves.  Their  mode  of  tr«iveling  is  chiefiy  by  canoes,  for 
only  here  and  there  are  found  trails  through  the  woods,  by  which  they  pass  from  one  river  to 
another. 

The  inhabitants  are  negroes  and  Indians.  The  former  are,  no  doubt,  the  descendants  of  slaves 
who  have  come  up  the  Atrato  River  from  the  eastern  coast. 

The  men  are  generally  well  made,  strong,  and  active,  and  capable  of  considerable  fatigue, 
though  their  mode  of  life  and  desultory  methods  of  gaining  a  livelihood  rather  unfit  them  for  con¬ 
tinuous  labor.  They  soon  get  tired,  and  if  separated  from  their  families  for  several  months  become 
dissatisfied,  and  long  to  return  home.  But  the  Indians  are  much  worse  in  the  latter  respect  than 
the  negroes.  The  negro  women  are  not  so  well  formed  as  the  men,  and  arc  generally  i  nsightly. 
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Owing  to  several  causes  they  soon  begin  to  decline.  In  the  first  place,  they  have  most  of  the  work 
to  do,  and  then,  too,  they  begin  to  bear  children  at  twelve  or  thirteen  years  of  age. 

The  ordinary  attire  of  the  men  consists  of  a  handkerchief  about  the  loins,  while  the  women 
employ  a  piece  of  cloth  which  fastens  about  the  waist  and  falls  to  the  knee.  These  people  belong 
to  the  Catholic  religion,  and  occasionally  have  a  priest  among  them.-  They  speak  Spanish. 

The  Indians,  who  are  probably  the  aborigines  of  this  country,  are  not  nearly  so  fine  a  race  as 
the  negroes,  that  is,  physically.  They  are  of  low  stature,  have  large  bodies,  pot  bellies,  and  small 
limbs ;  the  head  is  large,  and  the  face  broad,  flat,  and  expressionless.  But  they  are  more  intelli¬ 
gent  than  the  negroes,  and  are  better  acquainted  with  woodcraft  and  the  country  generally.  Their 
capacity  for  labor  is  exceedingly  small.  They  have  a  religion  peculiar  to  themselves.  Most  of  them 
wear  tied  in  the  hair,  at  the  back  of  the  heiid,  a  small  image  of  a  goat.  The  negroes  and  Indians 
are  both  very  honest. 

The  climate  is  warm,  moist,  and  enervating,  though,  owing  to  the  thickness  of  the  forests,  the 
direct  rays  of  the  sun  are  seldom  felt,  and  conseciuently  the  temperature  is  nearly  uniform,  ranging 
from  830  to  86o  Fahr.  The  night  is  a  little  cooler  than  the  day,  and  generally  one  may  emidoy  a 
blanket  with  comfort  and  advantage. 

Two  dry  and  two  rainy  seasons  obtain  here,  but  there  is  no  period  entirely  exempt  from  rain 
for  a  length  of  time.  The  long  dry  season  begins  about  the  middle  of  December  and  lasts  till  the 
first  or  middle  of  April,  when  the  rainy  season  sets  in,  bringing  wet  weather  till  August,  after 
which  comes  a  short  dry  time,  followed  by  a  wet  one  of  the  same  length.  The  country  along  the 
Atrato  River  and  the  lower  part  of  the  Napipi  is  undoubtedly  malarious,  but  as  you  go  up  into  the 
hills  the  air  becomes  pure  and  salubrious.  Considerable  sickness  prev'ailed  in  the  party  surveying 
in  the  former  locality,  while  those  engaged  in  the  latter  enjoyed  almost  aninterrui>ted  health. 

The  diseases  which  prevail  to  the  greatest  extent  are  malarial  fevers,  consumption,  pneu¬ 
monia,  bronchitis,  diarrhoea,  dysentery,  and  skin  affections;  but  malaria,  owing  probably  to  accli¬ 
mation,  never  visits  the  natives  severely.  Skin  diseases  among  them  are  of  several  kinds,  but  the 
only  trouble  which  affected  us  all,  more  or  less,  for  the  first  few  weeks  in  the  woods  and  some  of 
us  all  the  time,  was  a  severe  fotiU  of  Ihhen  tropicus  (prickly  heat),  which,  from  scratching  and  other 
irritation,  presented  in  some  the  appearance  of  eczema,  in  others  that  of  prurigo,  but  I  consider  it 
only  prickly  heat.  This  condition  was  no  doubt  due  to  several  causes  acting  in  concert.  The  sud¬ 
den  change  from  a  temi>erate  to  a  tropical  climate,  with  its  warmth  and  moisture,  certainly  excites 
the  skin  to  greatly  increased  action.  The  contact  of  red  flannel  (which  all  of  us  wore),  the  want 
of  a  proper  vegetable  diet,  and  the  irritation  of  almost  constant  scratching — all  these  are  surely 
adequate  cause  for  the  whole  trouble.  The  treatment  for  this  is  the  application  of  some  of  the 
soothing  anodyne  washes,  such  as  infiisiou  of  hops  and  camomile,  acetate  of  lead  and  opium, 
&c.,  together  with  thorough  cleanliness  of  body. 

The  only  skin  diseases  I  observed  among  the  natives  were  herpes  leucoderma  and  framboesia,  or 
yaws.  They  employ  no  medicine  for  any  of  these,  but  let  them  take  their  course.  They  possess  a 
few  simples,  which  are  used  to  purge  and  excite  diuresis,  but  I  could  not  examine  into  the  merits 
of  any  of  them. 

One  of  the  men  was  attacked  shortly  after  the  beginning  of  operations  with  a  pustular  eruption, 
not  confined  to  any  particular  locality,  but  affecting  the  whole  body  more  or  less.  He  had  had 
syphilis,  I  believe,  though  he  denied  it,  and  this  may  have  had  some  influence  on  the  malaily.  All 
the  remedies  the  medicine-chest  afforded,  except  mercury,  were  resorted  to,  but  without  success 
He  remained  in  camp  about  two  months,  unable  to  work,  and  was  in  no  better  condition  when  we 
reached  the  ship  on  the  3d  of  May.  The  whole  number  of  sick  days  may  be  summed  up  as 
follows :  Malarial  fevers  (intermittent  and  remittent),  81  days ;  impetigo,  65  days ;  diarrluea,  3 
days.  The  treatment  of  fever  consisted  in  the  exhibition  of  quinine;  the  diarrhoea  yielded  to 
opium.  Wliole  number  of  sick  days  was  149.  There  were  twelve  men  in  the  party,  which  gives 
an  average  of  12.4  sick  days  to  each  man,  though  several  were  scarcely  sick  at  all. 

SANITARY  PRECAUTIONS  NECESSARY  IN  THIS  CLTMATE. 

Dress, — All  clothing  should  be  light  and  fit  loosely ;  flannel  ought  always  to  be  woni  next  the 
skin,  and  be  changed  as  often  as  possible. 
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Habits, — Cleanlinevss  is  of  the  utmost  importance,  and  a  cold  bath  morning  and  evening  will  be 
found  refreshing  and  beneficial.  One  should  av'oid,  as  far  as  possible,  the  air  before  sunrise  as 
well  as  that  after  sunset,  i.  e.j  remain  under  the  tent  or  some  cover  at  those  times.  A  mosquito- 
bar,  I  fancy,  protects  in  a  slight  degree  from  the  encroachments  of  malaria.  It  is  advisable  to 
sleep  under  a  blanket,  and  there  are  ndt  many  nights  when  it  will  be  found  uncomfortable. 

Food. — This  should  be  light  and  readily  digestible.  Very  little  meat  and  heating  foods  gen¬ 
erally  are  required,  and  the  diet  should  consist  largely  of  vegetable  and  farinaceous  articles  (as  fiir 
as  it  is  possible  to  obtaiu  them),  among  which  corn-meal  is  entitled  to  a  prominent  pla(?e,  for  it  is 
relished  by  every  one,  and  seems  to  be  pt^culiarly  adapted  to  the  climate ;  rice  and  plantains  are 
both  very  acceptable.  Condiments  I  do  not  consider  necessary,  excejit  i>ei7per  kud  vinegar,  the 
latter  of  which  we  felt  the  want  of  severely. 

.  A  cup  of  good  coffee  in  the  morning  and  one  of  chocolate  (if  procurable)  in  the  evening  are 
very  grateful  to  the  system.  A  little  alcohol,  in  the  form  of  whisky^  gin,  or  brandy,  is  beneficial 
when  returning  from  work  in  the  afternoon,  but  should  not  be  indulged  in  betore  that  time. 

I  do  not  place  much  faith  in  the  preventive  powers  of  quinine.  I  regard  it  simply  as  a  power¬ 
ful  stimulant,  and  I  know,  not  only  from  observation,  but  from  personal  experience,  that  it  has  the 
effect  when  taken  daily  for  a  length  of  time  of  thinning  the  blood,  destroying  the  appetite,  and 
placing  the  system  in  a  condition  favorable  to  the  reception  of  any  morbid  influence.  A  number  of 
our  party  took  no  quinine  at  all,  and  these  escaped  fevers  entirely,  while  those  who  used  the  dnig 
regularly  every  day  became  sick,  though  it  must  be  confesse<l  that  the  latter  were  more  exposed 
to  the  influence  of  malaria  than  the  former,  but  still  not  to  the  extent,  I  think,  that  would  have 
given  rise  to  such  a  difference  in  sanitary  condition. 

Men  cannot  endure  the  same  amount  of  fatigue  in  this  climatq  that  is  readily  borne  in  tem- 
j)erate  latitudes ;  six  or  seven  hours  a  day  will  be  found  long  enough  to  keep  them  at  work,  and 
nothing  will  be  gained  by  more  exertion,  for  fatigue  and  then  sickness  will  be  the  result.  But  the 
food  undoubtedly  has  much  to  do  with  endurance,  and  the  ration  should  be  generous  as  regards  a 
variety  of  vegetable  and  farinaceous  articles,  for  those  who  confine  themselves  to  this  diet  chiefly 
will  be  the  most  healthy. 

Respectfully  submitted. 

ERNEST  NORFLEET, 

Ansistunt  Surgeon^  U.  S.  N. 

Lieut.  Feedk.  Collins,  U.  S.  N., 

Commanding  Darien  Survey. 


E. 

VOCABULARY  OF  THE  LANGUAGE  OF  THE  INDIANS  OF  THE  CANTON  OF  CHOCO,  STATE  OF  CAUCA, 
UNITED  STATES  OF  COLOMBIA.  OBTAINED  BY  LIEUT.  FREDERICK  COLLINS.  U.  S.  N. 

In  collecting  the  words  contained  in  the  following  vocabulary,  I  have  sought  to  admit  only 
such  as  must  have  existed  in  the  language  prior  to  the  advent  of  the  Spaniards.  The  names  of 
things  first  brought  to  the  knowledge  of  the  Indians  by  their  contact  with  the  Spaniards  are  almost 
invariably  more  or  less  easily  tniced  corruptions  of  the  Spanish  words.  Hence  they  are  of  little 
or  no  value  in  tracing  the  relationship  of  this  people  with  the  other  aboriginal  nations. 

Although  most  of  the  Indians  could  count  readily  in  Si>anish,  I  could  find  but  one  who  could 
count  beyond  five  in  his  own  language,  and  even  he  could  not  go  beyond  twenty.  There  is  no 
doubt  that  the  native  language  is  fast  being  supplanted  by  the  Spanish. 

In  attempting  to  represent  the  xironunciation  I  have  given  to  the  vow(‘ls  their  Spanish  sounds, 
and  all  the  vowels  are  to  be  sounded  separately.  G  is  always  hard  exc(*pt  when  specially  noted  to 
the  contrary.  J  is  strongly  aspirated,  and  has  the  sound  of  h  as  in  Spanish.  U  sounds  invariably 
like  00  in  boot.  The  accents  mark  the  syllables  on  which  the  stress  is  laid.  In  pronunciation  this 
stress  is  strongly  marked,  and  the  syllables  are  distinctly  separated,  giving  a  disjointed,  explosive 
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effect  that  is  extremely  harsh  and  disa^eeable.  In  connection  with  this  vocabulary  the  reader  is 
referred  to  the  remai'ks  under  head  of  “Inhabitants,”  on  pa^ije  71. 


One . Aba. 

Two . TJme. 

Three . . iJmpea. 

Four  .  . Quiramiini. 

Five . Juiisoma  {judja^  hand). 

Six . Juaquindni  dba  (one  on  the  other  hand). 

Seven . Juaquindni  ume. 

Eight  . Juaquindni  iiinpea. 

Nine .  . Juaquinilni  quiramdni. 

Ten . Juaja  eguara  (both  hands). 

Eleven . J^nuina  ^ba  (jdnuja,  foot). 

Twelve . Jemima  lime. 

Thirteen . Jemima  timpea. 

Fourteen . J^nuina  quiram4ni. 

Fifteen . Ju^soma. 

Sixteen . . J6nu  qiiindni  4ba. 

Seventeen . . J^nu  quindni  6me. 

Eighteen . J^nu  quinilni  umpea. 

Nineteen . J^nu  quindni  quiram^ni. 

Twenty . Quida  (also  means  teeth). 

Man . Umdquira. 

Woman . U^na. 

Boy . . . Guarilra. 

God . Jhy  (ha-ee). 

Priest  .  . Jayban^  (medicine  man). 

Indian . Embark. 

House  . T4e. 

Kiver . D6.* 

Water . Pdito. 

Fire  . Tipti. 

Koad . O  (sounded  very  long). 

Mountain . Egd  (soft  g). 

Dog . UsA 

Tiger . J^mamA. 

Lion . . J^mamd  puru  {purn,  red  or  colored). 

Head . Chimoro. 

Eye . Tapti. 

Nose . . Cambii. 

Mouth . Itai. 

Ear .  . Cauri.  (I) 

Hair . PudA 

Foot  .  . Jenujd. 

Beard . Icard. 

Leg . J6uu. 

Arm . Ju^poto. 

Hand . Ju4ja. 

Finger . Juajimini. 

Toe . Jenudruina. 


•Tlii«  wonl  is  foiiiul  as  the  torniinatiou  of  many  of  tin'  Indian  nainos  of  rivers,  as  D6gua-d6j  Fish-hook  river,  or, 
perhaps,  ^ood  river  for  fishing;  JmpMrrtpMr«-rfo  (eorrnj)t4‘d  iido  Amhoribido)  River;  Opo^a-d<J,  Iguana  River; 

Merht-do,  and  others,  'fhis  is  frequently  corrupted  iuto  tOj  as  Atrato. 
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Finger-nail  . . 

Thigh . 

Teeth . 

Bain . 

Sky . 

Stars . . 

Moon . 

Sun . 

Day . 

Canoe  . 

Paddle . 

Pole . 

Plantain . 

Banana . 

Corn . 

Snake .  . 

Gold . 

Silver . 

Father . 

Mother . 

Brother . 

Friend . 

Year  . 

Summer . 

Winter . 

Wind . 

Hen . 

Cat . 

Ocean .  . 

Town . 

Tree . 

Forest . 

Animal . 

Fish . 

Bird . 

Knife . 

Bidge . 

To  be  hungry 
To  be  sleepy  . 

To  work . 

To  carry . 

To  buy . 

To  sell . 

White . 

Black . 

Bed . 

Small . 

Old . 

Good . 

Good-day - 

Pretty . 

Homely . 


-Bichivi. 

-Bajardpoto. 

.  .Quida. 

.  .Cu6  (also  the  name  of  a  river.) 

.  -PajA 

. .  Chintago  or  chmt4o. 

.  J^d^co  (also  means  month.) 

. .  Bes4a  or  umatdo. 

.P4sia  {umatdo  is  also  used  for  day.) 

. .  Jdinpa  or  ch^pa  (a  small  canoe  is  called  chingo.) 

.  .Tobi. 

.  .Dot4. 

> .  Pata. 

.  .Taiti. 

..P6. 

.  .Tam A 

.  .Parata  (probably  corrupted  from  Spanish  plata.) 

.  S^ese. 

. .  P4pa. 

.  Ch^pa. 

. .  Samambo. 

. .  Card. 

. .  Pudga. 

.  Cud  (rainy  season.) 

.  .Nagurrd. 

.  -Tegard. 

. .  Misi. 

.  .Pusdde. 

.  .Purrd. 

.  .Pacurd. 

. .  Jogud.  (?) 

.-^amd. 

.  .Betd.-^^, 

.  Cewarrd. 

.  .iN’dco. 

. .  Catdma. 

.  .Cachdme  nicdda. 

. .  Cachdme  caimai. 

. ,  Muntrajla. 

.  .Naitdi. 

. .  Mntdi. 

. .  Nintobdi. 

. .  Chitord. 

. .  Chii)aimd. 

..Purd. 

. .  Sacd  (hard  c.) 

. .  Sorod. 

.  .Piachird,  bad,  cachiruchiru. 

. .  Piachird  cdna  (salutation.) 

.  -Fiia. 

.  Cachi  irua.  (Kote  the  connection  between  good  and  pretty^  had  and 
homely,) 
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Mach . Madha. 

Little . Maana. 

High . W4ni. 

Higher  . . . . Wawdui. 

Low... . B&si. 

Lower . Wab4si. 

Large . Chidrdma. 

Small . Maanachiru. 


F. 

LETTER  FROM  THE  COMMISSIONER  OF  AGRICULTURE. 


Department  op  Agriculture, 

*W ashingtoTij  September  25,  1875. 


Sir  :  Yours  of  the  20th  ultimo,  transmitting  specimen  of  cotton  from  the  Province  of  Choco, 
United  States  of  Colombia,  was  duly  received. 

You  ask  my  o])inion  as  to  the  quality  of  the  cotton  and  the  probability  of  its  proving  valuable 
for  manufacturing  purposes.  It  is  one  of  the  many  species  of  so-called  tree-cotton  to  bo  found  in 
various  parts  of  tropical  America,  and,  compared  with  the  production  of  our  Southern  States,  I 
do  not  consider  it  of  important  value. 

Respectfully, 


FREDK.  WATTS, 


Lieut.  Fredk.  Collins,  U.  S.  N., 

Navy  Departmenty  Washingtony  D.  C. 


Commissioner, 


G. 


LETTER  FROM  THE  DIRECTOR  OF  THE  SMITHSONIAN  INSTITUTION. 


Smithsonian  Institution, 

Washingtoriy  I).  C.,  December  6,  1875. 

Dear  Sir  ;  On  the  return  of  our  mineralogist  recently  we  submitted  to  his  examination  the 
speiumeii  you  left  with  us  last  summer,  lie  finds  that  it  possesst^  ‘‘all  the  characteristics  of 
anthracite  coal,^  adding  that  “  it  woidd  be  h{tsty  to  infer  that  a  deposit  of  anthnicite  may  exist  at 
the  locality  where  this  wjis  found.” 

The  above  may  be  taken  as  entiiely  trustworthy. 

Very  truly,  yours, 


Lieutenant  Collins,  U.  S.  N. 
S.  Ex.  75 - 16 


JOSEPH  HENRY, 
Director  Smithsonian  Institution, 
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H. 

DESCRIPTION  OF  SPECIMENS  OF  FOREST  WOODS  FROM  THE  VALLEY  OF  THE  NAPIPI. 


Number  of 
specimen. 

Native  name. 

Remarks. 

Trtintago . J 

Dark  and  very  heavy — fine  grain — imperishable  under  water.  The  sacred  wood  of 

GuayacAn . > 

the  ancient  Chibclias.  Tree  large  and  straight.  Abundant. 

2 

PantAno .  . 

Dark  re<l,  i*e.sembling  mahogany. 

3 

Costillo . 

Y^ellowish;  heavy;  close  grains.  Tree  tall  and  straight.  Abundant. 

4 

Noandmo . . 

Light  colored ;  porous. 

5 

BaracOna .  . . 

6 

B6m6 . 

Black  palm;  variegated  grain,  black  and  white;  almost  as  heavy  and  hard  as  iron; 
takes  a  beautiful  polish ;  used  by  the  natives  for  an  endless  vanety  of  purposes. 

7 

TrObll . 

Vei^*  light.  Abundant. 

Whitish;  heavy  and  close  grained. 

8 

JuAoa . 

9 

B6m6  Cocli . 

Light;  variegatetl  grain. 

10 

Capitaucillo . 

Resembles  black  walnut.  Very  abundant. 

11 

Guigar6 . 

Fine  grain ;  retl  color. 

12 

Brazil  . 

Red  flye-wood ;  heavy ;  close  grained  and  smooth ;  need  by  natives  for  many  purposes. 

13 

CarlM)n6ro . . 

White;  fine  )^ined*;  hard;  a  valuable  wood ;  an  excellent  fire- wood. 

White;  very  light;  porous;  crooketl. 

Same  as  above,  but  has  red  bark. 

14 

Oho  Bldnoo . 

15 

OUo  Colorado . 

16 

COdroii . 

Red  cedar;  light;  very  durable  in  water;  abundant;  would  make  excellent  piles. 

17 

Rt'semble^  rosewood. 

18 

Caimita . 

Uanl  and  close  grained ;  very  heavy. 

Pinkish  ;  heavy ;  fine  grained. 

19 

Clia>can4 . . . . 

20 

Chil>iig4  .  . 

Dark  colored ;  coarse  gi*ained  and  porous. 

21 

Caidita . 

Light  and  porous. 

22 

Tapard . . . . 

White;  hard;  finegrained. 

23 

TnAve .  . 

Yellowdsh  ;  fine  grained  ;  somewhat  like  box-wood,  but  heavier. 

24 

Madrdno  . 

Heavy  and  close  grained. 

25 

Domiilldn .  . 

Rtisembles  black  walnut. 

26 

ChoivA  . 

Very  handsome  wooil,  resembling  mahogany ;  extremely  hard. 

Dark  red;  finegrained;  handsome  wood. 

27 

Sanca  de  Araiia . 

28 

Mora . .  . 

Bright  yellow;  a  dye-wood. 

*29 

Giiina . 

Slijoitly  colored;  grain  like  black  walnut. 

30 

BiriW  .  . 

Light;  crooked;  porous. 

Nearly  all  the  above  varieties  are  abundant,  and  almost  without  exception  grow  tall,  straight, 
and  large.  Many  of  them  would  take  a  fine  polish  and  be  very  valuable  for  ornamental  work. 


I. 

OUTFIT. 

Instruments^  pravisians,  and  stores. 

INSTRUMENTS,  ETC. 

2  gradienters  with  trii>od8,  complete. 

3  leveling-rods. 

1  100-foot  chain,  10  pins. 

1  50-foot  chain,  with  level  and  adjustments. 

1 100-foot  tape-line. 

2  hand-levels. 

1  aneroid  barometer,  with  attached  thermometer. 

1  aneroid  barometer,  compensated,  gra<luated  to  10,000  feet. 

2  ivory  scale  thermometers. 

2  ordinary  Navy  thermometers. 

1  rain-gauge,  consisting  of  copper  cylinder,  area  20  square  inches,  and  glass  vessel  graduated 
to  hundredths  of  inches. 

1  current-meter. 

2  prismatic  compasses,  with  leather  cases  and  slings. 

6  pocket-compasses. 

3  watches. 
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Plotting  instruments. 

Stationery. 

Drawing-paper. 

Field-books. 

Blank  books. 

Lead  pencils  and  rubber. 

Red  chalk. 

Copper  tacks. 

3  Mackintosh  bags  for  field-books. 

2  chart-cases. 

Field-maps  from  the  surveys  of  1871  and  1873. 

1  boring  apparatus,  with  tripod  and  tackle. 

1  specimen-chest  with  200  bottles. 

1  cash-box. 

3  gallons  alcohol. 

PROVISIONS,  ETC. 

1, 000  pounds  bread  in  half-barrels,  40  pounds  each. 

100  pounds  rice  in  kegs,  25  pounds  each. 

1, 000  x>ounds  bacon  in  kegs,  30  pounds  each. 

340  pounds  tomato  soup  in  2  and  4  pound  cans. 

280  pounds  roast  beef  in  2  and  4  pound  cans. 

60  pounds  roast  mutton  in  2  and  4  x)ound  cans. 

100  i>ouuds  pressed  corned  beef  in  2  and  4  pound  cans. 
100  pounds  corn-meal  in  tin  cans,  10  pounds  each. 

220  pounds  sugar  in  tin  cans,  10  pounds  each. 

160  pounds  coffee  in  tin  ciins,  15  pounds  each. 

14  gallons  beans  in  tin  cans,  1  gallon  each. 

16  pounds  pickles  in  1  keg. 

1  dozen  pickles  in  bottles. 

4  dozen  cans  potted  meats. 

18  bottles  pepper. 

21  pounds  table-salt  in  1-pound  boxes. 

CAMP  GEAR,  ETC. 

3  bght  fiy-tents. 

3  camp-chests. 

2  nests  camp-kettles. 

3  frying-pans. 

2  dozen  tin  pots. 

2  dozen  tin  pans. 

1  dozen  iron  spoons. 

1  dozen  knives  and  forks. 

1  dozen  sheath -knives, 
i  dozen  can-openers. 

4  axes. 

1  dozen  ax-handles. 

2  shovels. 

2  picks. 

4  hatchets. 

2  hammers. 

18  machetas. 

2^airs  scales. 

1  dozeff  canvas  cots. 
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1  dozen  mosquito-nets. 

1  dozen  woolen  blankets. 

dozen  rubber  blankets. 
i  dozen  nibber  pillows. 

4  nibber  bags. 

Matches  in  tin  case. 

J  dozen  pocket  match-safes. 
3  spirit  cooking  lamps. 


CLOTHING.  ETC.* 

1  dozen  blue  denim  jumpers. 

dozen  pairs  denim  overalls. 

1  dozen  light  felt  hats. 

1  dozen  pairs  canvas  leggings. 

41  pairs  kip  shoes,  assorted  sizes. 

41  pairs  woolen  socks. 

MISCELLANEOUS. 

1  shotgun,  with  equipments,  powder,  and  shot. 

2  rifles,  with  500  rounds  fixed  ammunition. 

1  Iccid  and  line. 

MEDICAL  STORES. 

1  medicine-chest  with  medicines. 

.  1  case  medical  stores  and  instruments. 

2  cases  brandy. 

2  cases  gin. 


Ration-table, 


1 

Bread. 

Bacon. 

Tomato- 

soap. 

Beef  or 
mutton. 

Beans. 

Coffee. 

Sugar. 

Ou/nces. 

14 

14 

14 

Ounces. 

14 

14 

14 

Ounce*. 

16 

Ounces. 

Ounces. 

3 

3 

3 

Ounces. 

4 

4 

4 

16 

(pint. 

Tlie  pro^^sions  given  in  the  foregoing  list,  with  what  could  be  obtained  from  the  country, 
would  be  amply  sufficient  for  a  party  of  twelve  men  for  one  hundred  days.  As  the  bread  is  very 
bulky,  and  as  plantaims  can  always  lie  obtained  to  take  its  place,  I  would  recommend  future  explor¬ 
ers  to  take  less  of  that  article,  and  increase  the  amount  of  rice,  which  is  exc/cedingly  easy  to  trans¬ 
port  and  very  palatable  and  nutritious.  I  would  also  increase  the  amount  of  corn  meal,  which  is 
easily  carried,  and  can  be  cooked  in  many  ways  to  give  variety  to4he  ration.  I  would  diminish 
the  allowance  of  tomato-soup  and  increase  that  of  beans,  and  replace  a  portion  of  the  allowance  of 
roast  beef  with  some  sort  of  a  vegetable  stew.  Pickles  were  found  to  be  a  very  great  relish,  and  I 
would  recommend  a  liberal  allowance  of  them.  I  would  also  provide  a  liberal  allowance  of  mustard, 
horse-radish,  and  the  like,  the  want  of  whicli  we  felt  greatly.  In  preparing  the  provisions  for  an 
expedition  that  is  to  be  engaged  in  laborious  work  in  distant  regions  where  little  can  be  relied  upon 
from  the  country,  the  element  of  variety  should  be  regarded  as  only  less  important  than  quantity 
and  quabty. 

*  Each  person  was  required  to  provide  himself  with  two  complete  suits  of  flaunel  underclothes. 
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ESTIMATES  OF  THE  RECEIPTS  AND  EXPENDITURES  OF  THE  DISTRICT  OF  COLUMBIA. 


LETTER 

FROM 

THE  COMMISSIONERS  OF  THE  DISTRICT  OF  COLUMBIA, 

COMMUNICATING 

In  obedience  to  law,  Estimates  of  the  Eeceipts  and  Expenditures  of  the  District  of  Columbia  for  the  fiscal  years 

ending  June  30,  1879,  and  June  30,  1880. 


December  9,  1878. — Referred  to  the  Committee  on  the  District  of  Columbia,  and  ordered  to  be  printed. 


Office  of  the  CoM^nssioNERS  op  the  District  op  Columbia, 

Washington^  December  G,  1878. 

Sir:  As  required  by  the  act  of  Congress,  approved  June  11, 1878,  we  transmit  herewith  estimates  of  the  receipts  and 
expenditures  of  the  District  of  Columbia  for  the  fiscal  years  ending  June  30, 1879,  and  June  30, 1880,  which  estimates  were 
ijubmitted  to  the  Secretary  of  the  Treasury,  as  required  by  the  same  act,  and  were  by  him  returned  in  the  printed  form  in 
which  we  here  transmit  them. 

He  has  approved  of  all  the  estimates  except  three  items.  The  first  is  one  of  $75,000,  in  the  estimates  for  1879,  for 
workingmen,  as  provided  in  the  act  approved  June  20,  1878,  and  is  correct.  The  act  requires  the  District  to  pay  one-half, 
aud  the  entry  of  only,  that  amount  was  an  oversight. 

The  second  exception  taken  is  to  the  amount  we  estimated  for  the  sinking-fund  for  the  year  1880.  This  is  a  matter  of 
;n*ave  concern,  and  we  therefore  present  our  views  at  some  length.  The  Secretary  of  the  Treasury  refers  to  the  estimates 
presented  to  him  by  the  sinking-fund  commissioner  as  if  the  amounts  contained  in  them  would  redeem  the  Imnds  at 
maturity,  aud  bases  his  objection  to  our  lower  estimates  upon  the  further  mistake  that  some  definite  amounts  for  this  fund 
were  specified  in  the  acts  authorizing  the  issue  of  the  various  securities.  In  regard  to  the  requirements  of  the  law  in  this 
respect  we  refer  to  the  opinion  of  the  assistant  attorney  for  the  District  appended  hereto.  From  this  it  appears  that  spe¬ 
cific  amounts  are  to  be  jiaid  as  follows : 

For  water-stock  bonds,  amounting  to  $423,000 — $15,000  annually. 

For  market-stock  bonds,  amounting  to  $150,000 — $15,000  annually. 

Also,  that  a  sinking-fund  is  required  to  pay  off  at  maturity  the  following  bonds : 

Twenty-year  funding  bonds,  amounting  to  $1,150,000. 

Thirty-year  funding  bonds,  amounting  to  $GG0,000. 

To  pay  ofl^  these  bonds  respectively  at  maturity  will  recpiire  annually  $54,400  and  $12,250,  if  invested  in  them  at  par. 
Die  total  indebtedness  represented  by  the  four  classes  of  debt  above  enumerated  is  $2,383,000,  and  the  total  sinking-fund 
necessary  to  be  drawn  from  the  general  fund  to  pay  them  at  matuiity  is  about  $73,050  per  annum.  There  remains  of 
District  debt  proper  $5,980,500,  for  which  no  stated  payment  to  a  sinking-fund  is  provided  by  law,  and  for  part  of  which 
no  provision  whatever  of  this  kind  was  made.  As  respects  the  3.65  bonds,  any  provision  that  will  pay  them  at  maturity 
meets  the  conditions  of  their  issue. 

Our  estimate  for  the  sinking-fund,  therefore,  meets  all  the  requirements  of  the  contract  with  holders  of  District  securi¬ 
ties,  while  we  think  the  larger  and  richer  community  that  will  be  found  here  twenty  or  thirty  years  hence  may  well  be 
expected  to  bear  a  fair  share  of  the  burden  of  expenditures  of  which  they  are  to  reap  the  benefit  more  even  than  the 
present  generation. 

To  provide  for  payment  of  all  the  District  debt  at  maturity  of  the  various  securities  would  require  for  the  next  twelve 
and  a  half  years — when  the  $4,000,000  loan  becomes  due — an  appropriation  of  about  $475,000  per  annum  to  the  sinking-fund. 

This  amount  cannot  be  set  apart  with  justice  to  other3elaim8  upon  the  District  revenues. 

We  are  of  opinion  that  there  is  urgent  need  for  comprehensive  legislation  in  regard  to  both  the  District  debt  proper 
and  the  3.65  bonds,  aud  we  have  presented  in  our  report  a  plan  of  relief,  to  which  we  feel  justified  in  referring  here  as  tlie 
^»est  scheme  we  have  been  able  to  devise;  but  if  Congress  should  deem  it  unwise  to  adopt  that  or  any  other  similar  plan 
tor  refunding  the  whole  or  part  of  the  debt,  we  would  then  urge  the  expediency  of  permanent  jirovision  for  the  grmlual 
|>a.vnient  of  the  entire  District  debt,  all  to  be  accomplished  within  the  time  the  3.65  bonds  have  yet  to  run.  To  effect  this 
it  is  suggested  that  a  fixed  and  constant  amount  be  paid  annually  to  the  sinkiug-fimd  commissioner,  to  be  by  him  applied 
to  the  payment  of  interest  on  all  the  indebtedness  and  to  the  purchase,  for  immediate  cancellation,  of  the  outstanding 
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securities  of  the  District  aud  the  3.65  bonds  until  they  are  all  bought  in  and  destroyed.  Tliis  can  be  accomplished,  witl 
the  debt  funded  as  it  now  is,  by  an  annual  payment,  in  round  numbers,  of  $l,163,000.z  The  Commissioners  of  the  Distric* 
would  in  this  case  be  clothed  with  power  to  renew  such  of  the  District  bonds  as  might  be  necessary  in  order  to  carry  inh 
effect  this  scheme,  by  which  the  old  District  debt  would  be  extinguished  in  about  twentyj^five  years,  if  payments  were  firs 
applied  to  it  as  bearing  the  larger  rate  of  interest,  and  the  3.65  bonds  at  their  maturity.;^  Thespian  in  our  rei)ort,  refeiTe< 
to  above,  would  effect  the  same  result,  with  much  less  annual  appropriation  to  interest  and  sinking-fund. 

Our  estimates  for  the  fiscal  year  ending  June  30,  1879,  embrace  the  sum  of  $281,500  to  pay  oft  bonds  falling  due  Jan 
uary  1  and  March  1  next,  but  the  above  plan  for  providing  for  the  debt  contemplates  the  payment  of  about  $150,000  aii( 
the  temporary  renewal  of  the  unpaid  bonds.  There  is  a  loan  of  $40,000~represented  by  notes  of  the  late  Governor,  bear 
ing  8  per  cent,  interest,  given  in  the  fall  of  1873  and  winter  of  1874 — made  for  the  i)urpose  of  completing  the  Curtis  school 
building  in  Georgetown.  Our  estimate  of  interest  embraces  them,  and  is,  therefore,  larger  than  the  estimate  of  the  sinkiaj: 
fund  commissioner. 

We  are  not  disposed  to  contest  the  views  of  the  "Secretary  of  the  Treasury  in  respect  to  the  supplemental  estimate 
submitted  by  us  for  the  year  1880.  We  have  felt  it  a  duty  to  present  to  Congress  estimates  of  the  cost  of  work  we  conside 
it  essential  to  complete,  if  at  all  practicable,  within  the  coming  eighteen  months.  Having  perfonned  this  duty,  the  matte 
is  left  without  further  comment  to  the  wisdom  of  Congress. 

Very  respectfully, 

S.  L.  PHELPS, 

J.  DENT, 

W.  J.  TWINING,  Major  of  Engineers, 

Commissioners,  B.  C 

To  the  President  of  the  Senate. 


Office  of  the  Attorney  for  the  District  of  Columbia, 

Washington,  B.  C.,  December  2,  1878. 


Gentlemen:  In  reply  to  your  verbal  inquiry  as  to  “the  annual  amounts  required  under  existing  laws  to  be  appn 
priated  to  the  sinking-fund”  for  the  redemption  of  the  bonds  mentioned  in  the  report  of  Mr.  Gilfillan,  Treasurer  of  tli 
United  States,  as  commissioner  of  the  sinking-fund  of  the  District  of  Columbia,  I  have  to  state: 

That  Mr.  Gilfillan  enumerates  seven  classes  of  bonds  for  which  he  thinks  annual  appropriations  are  required  for 
sinking-fund  for  their  redemption.  Of  these,  two,  the  “Market-Stock  Bonds”  and  the  “Water-Stock  Bonds,”  are  to  hav 
appropriated  out  of  the  receipts  from  the  markets  and  from  the  “Water-Fund,”  respectively,  not  less  than  $15,000  annuall; 
which  determines  definitely  tlie  amounts  and  the  funds  out  of  which  the  sinking-fund  must  receive  the  money  for  the 
redemption. 

The  acts  authorizing  the  issue  of  the  “Twenty -year  6  per  cent.  Funding  Bonds,”  the  “Thirty-year  6  per  cent.  Fundiu 
Bonds,”  and  the  “Fifty-year  3.65  Bonds,”  expressly  provide  for  the  creation  of  a  sinking-fund  suflicient  to  ]>ay  offsai 
bonds  at  maturity.  In  the  cases  of  the  first  two  an  annual  tax  is  provided  for,  and  a  fair  construction  of  those  acts  w  ouh 
I  think,  require  such  an  annual  appropriation  to  the  sinking-fund  as  would  pay  the  bonds  at  maturity.  In  the  case  of  tli 
3.65  bonds,  “the  faith  of  the  United  States  is  pledged  ♦  •  •  to  provide  the  revenues  necessary  to  pay  the  interest  o 

said  bonds  as  the  same  may  become  due  and  payable,  aud  create  a  sinking  fund  for  the  payment  of  the  principal  there< 
at  maturity.”  The  manner  in  which  this  pledge  is  to  be  carried  out  is  left  to  the  discretion  of  Congress,  which  may  pr 
vide  for  equal  annual  payments,  or  adapt  its  appropriations  and  the  taxes  to  be  levied  upon  the  i)eople  of  the  District  1 
the  exigencies  of  the  times,  as  it  may  deem  best.  Nothing,  however,  is  left  for  the  District  but  to  comply  with  the  requ 
sitions  of  the  acts  of  Congress  in  the  matter. 

In  the  case  of  the  “Permanent-improvement  6  per  cent.  Bonds,”  the  act  of  the  legislative  assembly  only  provides  f( 
their  “gradual  redemption,”  and,  in  my  opinion,  it  is  optional  with  tlie  District  how  the  providing  of  means  for  redemptic 
shall  be  graduated.  There  is  certainly  nothing  in  the  act  that  requires  equal  annual  appropriations  for  that  purpose. 

I  cannot  exactly  determine  what  bonds  are  referred  to  as  “First  issue  of  Permanent-improvement  7  per  cent.  Bonds 
In  Mr.  Gilfillan’s  table  in  regard  to  the  sinking-fund,  he  speaks  of  them  as  authorized  by  the  act  of  assembly  of  June  2 
1873,  but  the  only  act  of  that  date  that  authorizes  the  issue  of  bonds  is  Chapter  III,  which  is  supplemental  to  the  $4,0(H»,0< 
bill  of  July  10,  1871,  and  provides  for  the  issue  of  not  exceeding  $260,000  in  bonds  “of  the  character  described  in  said  ac 
and  in  the  way  and  manner,  and  subject  to  the  limitations  and  restrictions  provided  in  said  act.”  These  are  therefore 
per  cent,  bonds,  and  are  to  be  redeemed  in  the  same  “way  and  manner”  as  the  $4,000,000  bonds. 

In  the  table  in  regard  to  interest,  Mr.  Gilfillan  enumerates  “$670,000  Permanent-improvement  7  per  cent.  Bonds,”  ; 
authorized  by  the  acts  of  the  assembly  of  the  dates  of  June  23  and  June  25,  1873.  On  June  25,  1873,  Chapter  XIII  w: 
passed,  which  provides  for  the  issue  of  “  bonds  bearing  interest  at  the  rate  of  7  per  cent.,  not  to  exceed  the  sum 
$530,000,”  and  that  is  the  only  act  under  either  of  the  dates  named  which  authorizes  the  issue  of  7  per  cent,  bonds.  B 
this  act  says  nothing  whatever  about  redemption  or  a  sinking-fund. 

I  conclude,  therefore,  that  the  “Market-Stock”  and  “Water-Stock”  Bonds  require  an  annual  appropriation  of  $15,(XI 
and  out  of  their  respective  funds;  that  the  “Twenty-year  6  per  cent.  Funding  Bonds”  aud  the  “Thirty  year  6  per  eei 
Funding  Bonds”  require  such  an  annual  appropriation  as  will  pay  them  at  maturity;  and  that  the  appropriations  for  t 
redemption  of  the  other  bonds  referred  to  are  left  to  the  discretion  of  Congress. 

Very  respectfully, 

FEANCIS  MILLEE, 


To  the  CoMrassioNERS  of  the  District  of  Columbia. 


Asst,  Attorney,  D.  C. 
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LETTER  OF  THE  SECRETARY  OF  THE  TREASURY. 


Treasuky  Department, 

Washington^  1).  0.,  November  29, 1878. 

Gentlemen  :  I  am  in  receipt  of  your  estimates  for  the  support  of  the  Goverument  of  the  District  of  Columbia  for  the 
liscal  years  ending  June  30,  1879,  and  June  30,  1880,  which  are  submitted  under  the  act  of  Congress  of  June  11,  1878, 
•providing  a  permanent  form  of  government  for  the  District  of  Columbia,”  requiring  the  Commissioners  of  the  District  of 
Columbia  to  submit  to  the  Secretary  of  the  Treasury,  for  each  fiscal  year,  for  his  examination  and  approval,  a  statement 
showing  in  detail : 

1.  The  proposed  work  to  be  undertaken  by  them  during  the  fiscal  year  next  ensuing,  and  the  estimated  cost  thereof. 

2.  The  cost  of  constructing,  repairing,  and  maintaining  all  bridges  authorized  by  law  across  the  Potomac  Eiver  within 
Ihe  District  of  Columbia,  and  also,  all  other  streams  in  said  District. 

3.  The  cost  of  maintaining  all  public  institutions  of  charity,  reformatories,  and  prisons  belonging  to,  or  controlled 
wholly  or  in  part  by  the  District  of  Columbia,  which  are  now  by  law  supported  whoUy  or  in  part  by  the  United  States 
or  District  of  Columbia. 

4.  The  expenses  of  the  Washington  aqueduct  and  its  appurtenances. 

5.  An  itemized  statement  and  estimate  of  the  amount  necessary  to  defray  the  expenses  of  the  Government  of  the 
District  of  Columbia  for  the  next  fiscal  year. 

The  act  requires  that  the  Secretary  of  the  Treasury  shall  carefully  consider  all  estimates  so  submitted  to  him,  and 
shall  approve,  disapprove,  or  suggest  such  changes  in  the  same,  or  any  item  thereof,  as  he  may  think  the  public  interest 
demands ;  and  after  he  shall  have  considered  and  passed  upon  such  estimates  submitted  to  him,  he  shall  cause  to  be 
made  a  statement  of  the  amount  approved  by  him,  and  the  fund  or  purpose  to  which  each  item  belongs,  which  statement 
?liall  be  certified  by  him  and  delivered,  together  with  the  estimates  as  originally  submitted,  to  the  Commissioners  of  the 
District,  who  shall  transmit  the  same  to  Congress. 

This  Department  at  present  has  not  at  its  command  the  means  to  judge  accurately  of  the  amounts  necessary  for  par¬ 
ticular  objects  of  expenditiue,  nor  of  the  propriety  or  necessity  of  the  various  items  for  which  estimates  are  submitted. 
After  the  law  which  requires  accountability  to  the  Treasiuy  has  been  in  operation  for  a  few  years,  this  Department  will 
he  in  possession  of  the  necessary  data  to  exercise  supervision  of  the  estimates  in  this  resi>ect  by  comparison  with  similar 
expenses  in  former  years ;  but  in  the  absence  of  this  iufonnatiOn,  1  do  not  consider  that  the  law  requires  the  Secretary 
of  the  Treasury  to  assume  the  duties  of  an  administrative  officer  of  the  District,  and  judge  of  the  necessity  of  particular 
estimates.  Relying  upon  the  jiulgment  of  the  Commissioners  as  to  details,  I  will  for  the  present  confine  myself  to  such 
approval,  disapproval,  or  c^nge,  in  particular  items  as  will  provide  for  all  expenditmres  required  by  law,  and  keep 
the  aggregate  within  the  revenues  of  the  District  as  fixed  by  Congress,  and  apply  to  improvements  only  the  excess  of 
revenue  over  the  necessary  expenditure. 

1  have  therefore  to  return  herewith  your  estimates  with  my  approval,  as  follows : 

FISCAL  YEAR  1879. 

For  completion  of  work  upon  sundry  avenues  and  streets,  replacement  of  pavements,  repairs  of  concrete 
pavements,  and  materials  issued  for  permit- work,  so  much  of  the  revenue  of  the  District  for  the  fiscal 
year,  including  an  equal  amount  appropriated  by  the  United  States,  as  may  remain  unappropriated  or 

unexpended,  estimated  at . 

For  maintaining  Benning’s,  Anacostia,  and  Chain  bridges,  including  expense  for  lighting,  replanking 
Chain  bridge,  repairs  of  Benning’s  bridge,  and  embankment  of  Anacostia  bridge,  and  riprap  for  piers 

and  abutments  of  same .  . - . . . 

For  maintaining  the  Washington  Asylum^  including  salaries  of  commissioner,  intendant,  matron,  physi¬ 
cians,  clerk,  and  other  employes,  contingent  expenses,  and  new  hospital-building,  $45,000 ;  for  George¬ 
town  Almshouse,  $1,800;  for  Hospital  for  the  Insane,  $17,000;  for  transportation  of  paupers  and  pris¬ 
oners,  $2,500;  for  the  Beform  School,  $20,000;  and  for  the  relief  of  the  poor,  $15,000 — in  all  . 

For  engineering,  maintenance,  and  general  repairs  of  the  Washington  aqueduct  and  its  appurtenances. . . 

For  general  expenses  of  the  District  of  Columbia: — For  salaries  and  contingent  expenses  in  the  offices 
of  the  commissioners,  auditor  and  comptroller,  sinking-fund,  coroner,  collector,  attorney,  treas¬ 
urer,  inspector  of  buildings,  superintendent  of  assessments  and  taxes,  inspector  oi  gas  and  meters, 
assessor,  harbor  master,  sealer  of  weights  and  measures,  and  engineer,  $177,306;  for  support  of 
public  schools,  including  salaries  of  superintendents,  secretary,  clerks,  teachers,  and  janitors,  for 
rent  of  school-buildings,  for  fuel,  repairs,  and  contingent  expenses,  $380,000 ;  for  salaries  of  super¬ 
intendents,  captains,  clerks,  surgeons,  detectives,  lieutenants,  sergeants,  privates,  station-keepers, 
laborers,  telegraph-operators,  and  messengers  of  the  Metropolitan  police,  including  increased  pay  for 
continuous  service,  and  for  rent,  fuel,  repairs  of  station-houses,  and  miscellaneous  items,  $300,000;  for 
salaries  of  coiniuissiouer,  secretary,  engineers,  telegraph-operators,  superintendent,  firemen,  and  other 
employes  of  the  fire  department,  and  for  contingent  expenses,  including  purchase  of  horses  and 
repairs  to  apparatus,  $105,000;  for  salaries  of  judge,  clerks,  bailifts,  messenger,  doorkeeper,  and 
justice  of  the  peace  acting  as  judge  of  the  police  court,  and  marshal’s  fees,  rent  and  contingent  and 
judicial  expenses,  $18,500;  for  street  lights,  and  gas  for  same,  repairs  and  erection  of  street-lamps, 
and  salaries  of  superintendent  and  lamp-lighters ;  for  removal  of  garbage;  for  salaries  of  superin¬ 
tendent  and  assistant,  and  for  contingent  expenses  of  the  parking-commission ;  for  salaries  of 
overseer  of  repairs,  clerk,  supervisors,  and  for  labor,  and  materials  for  repairs  of  streets,  alleys, 


$664,802  00 
9, 200  00 

101, 300  00 
20,000  00 
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county  roads,  &c.;  for  sweeping,  cleaning,  and  sprinkling  streets  and  avenues,  cleaning  alleys  and  for 
repairs  to  pumps,  $272,137 ;  for  miscellaneous  expenditures,  including  salaries  of  market-masters  and 
contingent  expenses  of  markets,  rent,  hay-scales,  advertising,  and  miscellaneous  items,  $29,439 ;  for  sal¬ 
aries  of  liealth-oflBcer,  inspector,  clerks,  pound-master,  and  for  contingent  expenses  of  the  health  depart¬ 
ment,  $22,000;  for  interest  on  funded  debt,  $1,018,905  70;  for  workhouse,  (appropriated  for  in  the  act 
of  June  20,  1878,)  $7,500;  for  refunding  school  and  other  taxes,  $35,000;  for  workingmen,  (as  appro¬ 
priated  by  the  act  of  June  20,  1878,)  $75,000;  for  purchasing  fire-engines,  $48,000;  for  judgments 
rendered  against  the  District,  $25,000 ;  for  payment  of  bonds  falling  due  January  1  and  March  1, 1879, 

$281,500— in  aU . $2,  795, 347  7i 

This  estimate,  as  approved,  is  $37,500  in  excess  of  the  amount  submitted  by  the  Commissioners,  that  being  half  o 
the  amotint  appropriated  by  Congress  by  the  act  of  June  20,  1878,  for  the  workingmen  of  the  District. 

At  the  last  session  of  Congress,  the  Commissioners  were  authorized  ‘‘  to  issue  properly-prepared  bonds  of  the  Distric 
of  Columbia  to  the  amount  of  two  hundred  and  eighty-one  thousand  seven  hundred  and  fifty  dollars,  for  the  redemption  o 
the  ten-year  bonds  issued  by  the  Corporation  of  Washington  under  an  act  of  Congress  approved  Febmary  twenty-seventh 
eighteen  hundred  and  sixty  eight,  amounting  to  two  hundred  and  seventy-nine  thousand  two  hundred  and  fifty  dollai-s 
also,  to  redeem  the  Georgetown  steam-force-pump  bonds,  amounting  to  two  thousand  five  hundred  dollars,  issued  unde 
the  act  of  the  General  Assembly  of  June  twenty -sixth,  eighteen  hundred  and  seventy -three ;  said  bonds  to  be  payahl 

thirty  years  after  date  in  sums  of  one  thousand  dollars  each,  and  bearing  such  rate  of  interest,  not  exceeding -  pe 

centum,  as  shall  be  approved  by  the  Secretary  of  the  Treasury.” 

The  Commissioners  thought  it  not  expedient  to  mlvertise  these  bonds,  and  the  Secretary  recommends  that  the  amoun 
of  the  debt  accruing  as  aforesaid  be  paid,  and  held  and  accounted  for  as  a  part  of  the  sinking-fund ;  that  the  five  pe 
cent,  bonds,  authorized  by  that  act,  be  issued  to  the  Treasurer  of  the  United  States  as  a  part  of  the  sinking-fund ;  and 
that  the  Treasurer  be  authorized  not  only  to  purchase  bonds  due,  but  to  purchase  bonds  accruing,  ^ith  such  funds  as  nia.^ 
be  appropriated  for  the  sinking-ftind  or  with  the  interest  accruing  thereon. 

From  this  estimate  the  Commissioners  have  omitted  the  api)ropriations  made  by  the  act  of  June  20,  1878,  for  Co 
lumbia  Hospital  and  Children’s  Hospital,  on  the  ground  that  those  hospitals  are  not  such  charitable  institutions  as  tin 
law  contemplates  shall  be  supported  by  the  District  of  Columbia;  but  inasmuch  as  that  act  directs  these  appropriations  h 
be  charged  against  the  District,  they  are  submitted  for  the  further  consideration  of  Congress. 

FISCAL  YEAR  1880. 

For  the  support  of  the  government  of  the  District  of  Columbia  for  the  fiscal  year  ending  June  30,  1880 : 

For  completion  of  work  upon  sundry  avenues  and  streets,  replacement  of  pavements,  repairs  of  concrete 
pavements,  and  materials  issued  for  permit-work,  so  much  of  the  revenue  of  the  District  for  the  fiscal 
year,  including  an  equal  amount  appropriated  by  the  United  States,  as  may  remain  unappropnateil  or 


unexpended,  estimated  at  . . . . .  $710, 000  0 

For  maintaining  Benning’s,  Anacostia,  and  Chain  bridges,  including  expense  for  lighting,  replanking  Chain 
bridge,  repairs  of  Benning’s  bridge,  and  embankment  of  Anacostia  bridge,  and  riprap  for  piers  and 

abutments  of  same .  .  9, 200  0 

For  maintaining  the  Washington  Asylum,  including  salaries  of  commissioner,  intendant,  matron,  physi¬ 
cians,  clerk,  and  other  employes,  contingent  expenses  and  new  hospital-building,  $45,000;  for  George¬ 
town  Almshouse,  $1,800;  for  Hospital  for  the  Insane,  $17,000;  for  transportation  of  paupers  and 

prisoners,  $2,500;  for  the  Reform  School,  $20,000;  and  for  the  relief  of  the  poor,  $15,000 — in  all .  101,300  0 

For  engineering,  maintenance,  and  general  repairs  of  the  Washington  aqueduct  and  its  appurtenances  ...  20, 000  0 


For  general  expenses  of  the  District  of  Columbia: 

For  salaries  and  contingent  expenses  in  the  offices  of  the  Commissioners,  auditor  and  comptroller,  sinking- 
fund,  coroner,  collector,  attorney,  treasurer,  inspector  of  buiklings,  superintendent  of  assessments  and 
taxes,  inspector  of  gas  and  meters,  assessor,  harbor  master,  sealer  of  weights  and  measures,  and  engineer, 

$163,740;  for  support  of  public  schools,  including  salaries  of  superintendent,  secretary,  clerks,  teachers, 
and  printers,  for  rent  of  school-buiklings,  for  fuel,  repairs,  and  contingent  expenses,  $400,000;  for 
salaries  of  superintendent,  captains,  clerks,  surgeons,  detectives,  lieutenants,  sergeants,  privates,  sta¬ 
tion-keepers,  laborers,  telegraph -operators,  and  messengersof  the  Metropolitan  police,  including  increased 
pay  for  continuous  service,  and  for  rent,  fuel,  repairs  of  station-houses,  and  contingent  items,  $300,000; 
for  salaries  of  commissioner,  secretary,  engineers,  telegraph-operators,  superintendent,  firemen,  and 
other  employes  of  the  fire  dex)artmeut,  and  lor  contingent  expenses,  including  purchase  of  horses  and 
repairs  to  apparatus,  $115,000;  for  salaries  of  judge,  clerks,  bailiffs,  messenger,  doorkeeper,  and  justice 
of  the  peace  acting  in  absence  of  judge  of  the  police  court,  marshal’s  fees,  rent,  and  contingent  and 
judical  expenses,  $18,500;  for  street-lights  and  gas  for  same,  repairs  and  erection  of  street-lamps,  for 
salaries  of  superintendent  and  lamp-lighters,  and  for  removal  of  garbage ;  for  salaries  of  superintendent 
and  assistant,  and  for  contingent  expenses  of  the  parking-commission ;  for  salaries  of  overseer  of  repairs, 
clerk,  supervisors,  labor,  and  materials  for  repairs  of  streets,  alleys,  county  roads,  &c.,  for  sweeping, 
clearing,  and  sprinkling  the  streets  and  avenues,  cleaning  alleys,  and  repairs  to  pumps,  $293,455;  for 
miscellaneous  expenditures,  including  salaries  of  market-masters,  and  contingent  expenses  of  markets, 
rent,  hay-scales,  advertising,  and  miscellaneous  items,  $30,375;  for  salaries  of  health-officer,  inspectors, 
clerks,  pound-master,  and  for  contingent  expenses  of  the  health  dei)artment,  $22,000;  for  interest  on 
funded  debt,  $1,016,124  12;  and  for  sinking-fund,  $256,221  25 — in  all .  2,615,415  3 

The  estimate  of  the  Commissioners  for  the  sinking-fund  is  increased  $56,221  25,  to  meet  its  requirements,  as  states 
by  the  TYeasurer  of  the  United  States,  who  is  the  commissioner  of  this  fund.  The  sinking-fund  of  the  District  is  a  x>ar 
of  the  contract  made  with  the  creditors  of  the  District,  and  should  be  maintained  inviolate,  as  far  as  the  executiv 
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officers  are  concerned.  The  Secretary  feels  that  he  has  no  right  to  approve  an  estimate  for  a  less  amount  than  the  law 
requires  for  this  purpose.  If  Congress  should  see  fit  to  legislate  upon  the  subject,  and  reduce  the  aggregate  annual 
contribution  to  this  fund  in  a  way  not  to  impair  the  credit  of  the  District,  and  at  the  same  time  provide  a  certain  specific 
fund  which  will  redeem  the  debt  of  the  District  within  a  reasonable  period,  not  to  extend  beyond  the  date  of  the  maturity 
of  the  three-sixty-five  bonds,  such  a  proposition  would  have  his  cordial  support ;  but,  until  the  law  is  so  modified,  the 
annual  appropriation  to  the  sinking-fund  should  be  maintained. 

SUPPLEMENTAL  ESTIMATE. 

The  Secretary,  after  careful  consideration,  is  not  able  to  approve  the  supplemental  estimate  of  the  Commissioners,  of 
$1,339,886  84,  for  replacing  the  wooden  pavements  and  for  other  improvements  duidng  the  fiscal  year  ending  June  30, 1880. 
This  estimate  contemplates  a  very  extensive  system  of  improvements,  including  the  replacing  of  all  the  present  wooden 
paremeuts  of  the  city  and  the  construction  of  auxiliary  sewers,  involving  an  expensive  modification  in  the  plan  of  the  sew¬ 
erage  of  a  large  section  of  the  city.  The  greater  part  of  this  work  is  to  supply  defects  in  the  improvements  made  by  the 
Bo^  of  Public  Works,  which  have  been  completed  within  a  period  of  five  years. 

Congress  has  provided  a  very  liberal  fund  for  the  support  of  the  District  by  the  assessment  of  a  tax  of  one  and  one- 
half  per  cent,  upon  the  real  and  personal  property  in  the  District,  supplemented  by  license  and  other  taxes,  and  by  an 
appropriation  of  an  equal  amount  from  the  Treasury  of  the  United  States;  but  in  doing  so  has  enacted  that  there  shall 
be  no  increase  of  tlie  present  amount  of  the  total  indebtedness  of  the  District  of  Columbia,^  and  has  imposed  severe  penal¬ 
ties  for  violations  of  this  enactment,  (section  13,  act  June  16,  1878.) 

The  policy  is  thus  clearly  indicated,  that  under  no  circumstances  is  the  debt  of  the  District  to  be  increased;  and  it 
would  appear  from  the  experience  of  the  past  few  years  that  this  is  a  safeguard  which  should  be  adhered  to  without 
qualification  or  condition.  I  cannot,  by  approving  such  an  estimate,  recommend  to  Congress  the  abandonment  of  a  policy 
it  has  wisely  prescribed,  or  permit  it  to  be  defeated  by  approving  estimates  for  improvements  to  be  made  in  advance  of  the 
m^eipt  of  the  necessary  revenue.  No  circumstances  are  stated  which  would  justify  an  expenditure  larger  than  the 
revenues  provided,  or  authorize  an  increase  of  the  biu-dens  now  resting  upon  the  people  of  the  United  States,  by  either 
advancing  money  to,  or  paying  a  larger  sum  for,  the  government  of  the  District  than  the  liberal  allowance  made  by  law. 

The  improvements  proposed  are,  no  doubt,  proper,  and  may  be  demanded  by  the  convenience  and  comfort  of  the 
citkens,  and  would  be  beneficial  to  the  city;  but  by  extending  their  construction  over  a  period  of  three  or  four  years,  the 
whole  can  be  executed  in  a  more  judicious  and  economical  manner  than  if  forced  into  a  single  year.  No  great  injnry  can 
result  from  this  delay.  Those  improvements  which  are,  for  any  reason,  most  urgently  demanded,  will,  no  doubt,  be  exe¬ 
cuted  first,  and  those  of  a  less  urgent  character  be  postponed  until  subsequent  years. 

It  is  believed  that  the  streets  of  this  city,  as  a  general  thing,  are  now  in  a  better  condition  than  the  streets  of  any 
other  city  in  the  United  States,  and  the  large  sum  that  may  be  annually  set  apart  for  their  gradual  repair  will  soon  place 
them  in  bs  good  condition  as  can  be  desired. 

It  would,  therefore,  seem  to  be  neither  just  nor  politic  to  require  the  people  of  the  United  States  to  assume  this 
large  expenditure  for  the  District  at  a  time  when  they  are  seeking  to  reduce  aU  expenditures,  and  when  appropriations  for 
ne(‘essary  objects  are  curtailed.  On  the  other  hand,  the  citizens  of  the  District,  when  their  burdensome  special-improve¬ 
ment  taxes  are  considered,  feel  that  the  present  tax  is  as  much  as  they  should  bear. 

The  true  method  for  the  improvement  of  the  District,  in  the  opinion  of  the  Secretary,  is  to  apply  to  that  purpose  all 
the  annual  surplus  revenue  available.  Thus  the  economy  exercis^  in  other  branches  of  expenditiues  will  inure  to  the 
general  improvement  of  the  District. 

Very  respectfully, 

JOHN  SHEEMAN, 

Secretary, 

To  the  Honorable  The  Commissioners  of  the  District  of  Columbia. 
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ESTIMATES  OF  APPROPRIATIONS 


REQUIRED  FOR  THE 


OF  THE  GOVERNMENT  OF  THE  DISTRICT  OF  COLUMBIA,  FOR  THE  FISCAL  YEARS  ENDING  JUNE  30,  lt^79,  AND  JUNE 
30, 1880,  SHOWING  THE  APPROVAL,  DISAPPROVAL,  OR  CHANGES  SUGGESTED  BY  THE  SECRETARY  OF  THE  TREASURY. 


Gtteral  object,  (title  of  appropriation,)  and  detaila  and  explanations. 


Date  of  acts,  or 
treaties,  pro¬ 
viding  for  the 
expenditure. 


References  to  Stats, 
at  Large,  or  to  Re¬ 
vised  Statutes. 


Estimated  am’t  i  Total  amount  to  be 
required  for  appropriated  un 


DISTRICT  OF  COLUMBIA. 

FISCAL  YEAR  1879. 

Improrments  and  Kepaira — 

Completion  of  work  npon  sundry  avenues  and  streets,  (as 
shown  in  Appendix,  marked  “A,”)  $91.3,824  08;  of  wnich 
amount  it  is  estimated  that  $^,781  will  be  reqnired  to 
pay  for  work  to  be  completed  during  the  fiscal  year  end¬ 
ing  June  30,  1879 . 

Replacement  of  pavements,  630,172.80  square  yards,  at 
25  per  yard,  (as  shown  in  Appendix,  marked  “  A,”) 
$1,418,888  80 ;  of  which  amount  it  is  estimated  that 
$5^,000  will  he  required  to  pay  for  work  to  he  com¬ 
pleted  during  the  fiscal  year  ending  June  30,  1879 . 

Repairs  of  concrete  pavements . . 

Material  issued  for  permit-work . 


Vol.oi  ]  p 
R.  S.  r  ^ 


Sec. 


each  detailed 
object  of  ex-  ! 
penditure.  I 


^'instructing,  Repairing,  and  Maintaining  Bridges —  i  i 

Ordinary  care  of  Benning’s,  Anacostia,  and  Chain  bridges,  I  I 

including  fuel,  oil,  lamps,  matches,  &c . j  Appropriated. 

Replanking  Chain  bridge .  Submitted  ...  I 

Extensive  repairs  to  Benning^s  bridge . . do . . 

Raising  embankment  of  Anacostia  bridge,  and  riprapping  I 

piers  and  abutments . . do . ^ 

^aintsMimng  Insiiiutions  of  Charity,  Reformatories,  and  Prisons —  |  , 

Washington  Asylum ; 

One  commissioner . 

One  intendaut . . . 

One  matron . 

One  visiting-physician . 

One  resident-physician . 

One  resident-physician . 

One  clerk . 

One  baker . . 

Six  overseers,  at  $600  each  . 

One  watchman . 

Three  watchmen,  at  $180  each . 

One  driver . 

One  hostler . 

One  cook . 

Two  cooks,  at  $60  each . 

Five  nurses,  at  $60  each . 

Contingent  expenses,  including  provisions,  fuel,  forage, 
lumber,  hardware,  shoes,  dry-goods,  medicines,  and 

miscellaiicons  items . . 

New  bospital-hnildiug . 


19  i  359 


Total  Washington  Asylum . $45, 000  00 

Georgetown  Almshouse,  support  of  inmates . 

Hospital  for  the  Insane,  hoard  and  clothing  of  inmates _ 

Transportation  of  paupers,  and  conveying  prisoners  to 

workhouse . 

Reform  School,  support  of  inmates . 

Relief  of  the  poor . 


^^9^ngion  Aqueduct — 

Engineering,  maintenance,  and  general  repairs. 


GENERAL  EXPENSES. 

and  Contingent  Expenses — 

Executive  ofiSce  proiier : 

Two  Commissioners,  at  $5,000  each 

One  secretary . 

One  clerk . 

One  clerk . 


Appropriated. 


19 


359 


$65,781  00 


569, 000  00 
18,500  00 
11,521  00 


1,200  00 
2,500  00 
2,500  00 

3,000  00 


200  00 
800  00 
600  00 
1,200  00 
480  00 
360  00 
480  00 
420  00 
3,600  00 
300  00 
.540  00 
120  00 
60  00 
120  00 
120  00 
300  00 


33, 300  00 

2,000  00 


1,800  00 
17,000  00 

2,500  00 
20,000  00 
15,000  00 


$10,000  00 
2,160  00 
1,500  00 
1,440  00 


der  each  head  of 
appropriation. 


$664,802  00 


9,200  00 


101,300  00 

20,000  00 


Amount  appro¬ 
priated  for  the 
tiscal  year  end¬ 
ing;  June  30, 
1879. 
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Estimates  of  appropriations — District  of  Columbia — for  fiscal  years  ending  June  30,  1879,  and  June  30,  1880,  &c. — Continued. 


G^eral  object,  (title  of  appropriatioD,)  and  details  and  explanations. 


Salaries  and  Contingent  Expenses — Continued. 

Two  temporary  clerks,  arranging,  classifying,  and  pre¬ 
serving  records  of  former  governments,  at  $3  each  per 

day . 

One  temporary  clerk,  arranging,  classifying,  and  pre¬ 
serving  records  of  former  governments,  at  $1  50  per 

day . 

One  messenger . 

Contingent  expenses,  including  books,  stationery,  and 
miscellaneous  items . . 

Total . 


Date  of  acta,  or 

1  1 

References  to  Stats.  1 

Estimated  aro't 

1 

Total  amount  to  be 

Amount  appro 

treaties,  pro¬ 
viding  for  the 
expenditure. 

i  at  Large,  or  to  Re- 
1  vised  Statutes. 

j  required  for 

1  each  detailed 

1  object  of  ex- 

1  appropriated  un- 
I  der  each  head  of 

1  appropriation. 

1 

1  priated  for  th< 
fiscal  year  eod 
ing  June  30 

Page.  S«. 

penditure. 

1  1879. 

'  i 

$1,878  00 

469  50 

1  j 

'  1 

840  00 

i 

2,712  50 

21,000  00 


Auditor  and  Comptroller’s  office :  I  i 

Auditor  and  Comptroller . I . t . . I  $3, 000  00 

One  book-keeper .  ^ .  1, 800  00 

One  clerk . | . ‘ . . '  1,500  00 

Three  clerks,  at  $1,400  each . , .  4, 200  00 

One  clerk . ’ .  1,200  00 

Contingent  expenses,  including  furniture,  books,  sta-  | 

tionery,  and  miscellaneous  items .  . , . .  860  00 

One  clerk,  in  charge  of  special-assessment  branch . i  . ! . i . ‘  2, 160  00 

Two  clerli,  in  special-assessment  branch,  at  $1,200  each .  . .  2, 400  00 

One  clerk,  in  special-assessment  branch,  at  $3  per  day . .  940  00 

Two  clerks,  in  special-assessment  branch,  at  $1  50  per  ;  I 

day . . . 1 .  940  00 


Total . I  . 1 . 1 . 1  19, 000  00 


Sinking-Fund  office :  '  I 

Two  clerks,  at  $1,200  .. .  . .  $2, 400  00 

Contingent  expenses,  including  rent,  printing  bonds, 

books,  &c .  . .  .  1, 000  00  | 

Total .  . ' .  . .  3,400  00' 


Coroner’s  office : 

One  coroner . . 

Contingent  expenses,  including  stationery,  jury,  and 
witness-fees . 


$1,800  00 
700  00 


Total 


2,500  00 


Collector’s  office :  I  I 

Collector . . L . l  $4, 000  00  I 

One  clerk .  . ,  1,700  00  i 

One  clerk . 1 . .  1, 200  00 

One  clerk . , . .  1, 000  00  ' 

One  clerk .  .  9(50  00 

One  clerk,  at  $3  per  day . . j . .  940  00 

One  messenger . . .  480  00 

Contingent  expenses,  including  books,  stationery,  and  ' 

miscellaneous  items . . i  3, 320  00  | 

Temporary  clerks,  making  arrearage-book . .  1, 900  00  | 


Total . . . I  15,500  00 


Attorney’s  office :  ^ 

One  attorney .  $5, 000  00 

One  assistant  attorney . ' .  1, 900  00  j 

One  special  assistant  attorney . .  r . 1  9(50  00 

One  clerk . ,  960  00 

One  clerk . . .  .  192  00 

Contingent  expenses,  including  books,  stationery,  and 
miscellaneous . . . .  988  00  , 

I  I - 


Total .  .  . ' . ...|  10,000  00 


— 

Treasurer’s  office :  j 

Treasurer . . . .  $2, 400  00 

One  clerk . |  1, 200  00 

One  messenger . |  900  00 

Contingent  expenses,  including  books,  stationery,  car-  i  '  ,  i 

fare,  and  miscellaneous  items . i .  400  00 


Total .  4,900  00  j 
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Etiitnaies  of  appropriations — District  of  Colurribia^for  fiscal  years  ending  June  30,  1879,  and  June  30,  1880,  (&c. — Continued. 


Geoeral  object,  (title  of  appropriation,)  and  details  and  explanations. 


Date  of  acta,  or  References  to  Stats, 
treaties,  pro-  !  at  Large,  or  to  Re- 
viding  for  the  <  vised  Statutes, 
expenditure.  I _ _ _ _ 


Vol.  or 
I  R.S. 


Page. 


Sec. 


Estimated  am’t 
required  for 
each  detailed 
object  of  ex¬ 
penditure. 


Total  amount  to  bo 
appropriated  un¬ 
der  each  bead  of 
appropriation. 


,  Amount  appro- 
I  printed  for  the 
I  fiscal  year  end- 
'  iug  jTune  30, 

I  1879. 


I 


ikkrmand  Contingent  Expenses — Continued. 

In8|)ector’8  of  Buildings  office : 

One  inspector . 

One  assistant  insjiector  and  draughtsman . 

One  assistant  inspector . 

One  messenger . 

Contingent  expenses,  including  books,  stationery,  &c 


400  00  I 
1,700  00 

1,000  00  I 

4H0  00  ' 
300  00 


Total 


5, 880  00 


Snperiutendent’s  of  Assessments  and  Taxes  office: 

One  superintendent . 

Two  clerks,  at  $1,200  each . 

One  messenger . 

Temporary  clerks  employed  on  numerical  book . 

Contingent  expenses,  including  books,  stationery,  &c 


$2, 400  00 
2, 400  00  I 
720  00 
1,900  00 
2, 000  00 


Total 


9,  420  00 


Inspector's  of  Gas  and  Meters  office : 

One  inspector . 

One  assistant  inspector . 


$2, 000  00 
1,000  00  I  ’ 


Total . . 

Assessors’  office: 

Three  asses-sors,  at  $1,250  each . . 

Two  clerks,  at  $1,200  each . . 

One  messenger,  at  $1  50  per  day . . 

Temporary  clerks  employed  on  new  assessment,  and 

taking  census . 

Contingent  expenses,  including  hooks,  stationery,  &c. . 

Total . 


One  harbor-master  of  Georgetown . 

One  sealer  of  w'eights  and  measures .  .  | 

Total . I 

Engineer’s  office :  ^ 

One  chief  clerk . ^ 

One  clerk . 

Five  clerks,  (one  employed  for  ten  months,)  at  $1,200 

each . I 

One  clerk . 

Two  clerks,  (one  employed  for  ten  months,)  at  $900  each. 
Two  clerks,  (one  employed  for  six  mouths,)  at  $720  each. 

One  clerk,  at  $3  20  per  day . 

Seven  clerks,  (six  employed  for  ten  months,)  at  $3  per 

day  each . 

One  computing-engineer . . 

One  draughtsman . ^ 

One  leveller . i 

Two  levellers,  at  $4  per  day  each . 

Two  rodmen,  at  $780  each . i 

One  axeman,  at  $2  per  day . ■ 

One  axeman . 

One  insjMJctor  of  asphalt  pavements . ! 

One  ius|)ector . 

One  inspector,  at  $2  50  per  day . 

Ten  inspectors,  (employed  for  six  months,)  at  $4  i)er  day 

each . ' 

Two  overseers,  at  $1,200  each . 

One  overseer . 

One  overseer,  at  $4  per  day . ^ 

One  superintendent  of  property . 

One  watchman  at  property-yard . I 

Two  watchmen  at  property-yard,  (one  employed  for 

eleven  months,)  at  $1  50  per  day  each . 

One  iu8j>ector  of  fuel,  at  $2  per  day . 

One  janitor  of  public  buildings . 

Two  watchmen  of  public  buildings,  at  $600  each . 

One  laborer . . . 

One  lalmrer . 

One  laborer,  at  $1  25  per  day . 

One  laborer,  at  $1  50  per  day . 

One  8nperinton<lent  of  permits . ' 

One  sewer-tapper . . . . . . 

S.  Mis.  Doc.  16—2 


3, 000  00 


$3,750  00 
2, 400  00  i 
469  50  I 

10, 000  00  , 
4, 380  50  1 
_ _ 


21,000  00  I 


$80  00 
80  00 


160  00 


$1,760  00  I 
1,440  00  I 

5,900  00 
960  00  I 
1,500  00 
1,  080  00 
1,  001  60  , 

I 

5, 616  00 
2,400  00 
1,000  00 
1,600  00 
2,504  00 
1,560  00  I 

626  00  I 
600  00  ; 
2,400  00  1 
1,440  00  I 
882  50 

I 

6,260  00 

2. 400  00 
960  00  j 

1,252  00 
1,800  00 
720  00 

1, 050  00 
626  00 
720  00 
1,200  00 
600  00 
480  00 
391  25 
469  50 

1.400  00 
X,  000  00  1 


I 


I 


I 


I 
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Estimates  of  approjjriutions — District  of  Cohmhia— for  fiscal  years  ending  June  30,  1879,  and  June  30,  1880,  &c, — Continued 


General  object,  (title  of  appropriation,)  and  details  and  explanations. 


Date  of  acts,  or 
treaties,  pn»- 
viding  for  the 
expenditure. 


References  to  Stats, 
at  Large,  or  to  Re¬ 
vised  Statutes. 


Vol.  or 
R.  S. 


Page. 


Sec. 


Estimated  am’t 
required  for 
each  detailed 
oitject  of  ex¬ 
penditure. 


Total  amount  to  be 
appropriated  un¬ 
der  each  bead  of 
appropriation. 


Amount  appro 
priated  far  th« 
fiscal  year  (ml 
ing  jiiiie 
1879. 


SalaiHes  and  Contingent  Expenncji — Coutinued.  ^ 

Engineer’s  otUce — Continned.  ,  | 

Two  measengers,  at  $000  each . 

One  messenger . 

One  driver . 

Contingent  expenses,  including  books,  stationery,  &c . . I . 

I  I 

Total . . . 

Fuel,  ice,  re])air8,  general  miscellaneous  expenses,  &c.,  for  I  ' 

District  ollices . I . . ; 

TotalSalariesandContingent  Expenses. $177, 306  00  I  ’ 

Public  Schools  of  the  DisMct  of  Columbia —  ' 

One  superintendent . I . 

One  superintendent . | . 

One  secretary . 

One  clerk  to  committee  of  accounts,  Board  of  Trustees . ; . 

One  clerk . . . i . 

One  clerk . 

Five  teachers,  at  $1,650  each .  . j . 

One  teacher . * . ' . 

Two  teachers,  at  $1,350  each . i . 

One  teacher . , . 

One  teacher . 

One  teacher .  . 

Fifteen  teachers,  at  $1,000  each . | . 

One  teacher . ^ .  . 

Two  teachers,  at  $950  each . . . 

Twelve  teachers,  at  $900  each . . . 

Ten  teachers,  at  $850  each . 

Twenty  teachers,  at  |8(X)  each . . 

Thirty -one  teachers,  at  $750  each .  . . 

Fifty-one  teachers,  at  $700  each . i . 

Fifty-seven  teachers,  at  $650  each  . . . . . 

Eighty-three  teachers,  at  $600  each . . * . 

Twenty-five  teachers,  at  $^0  each . . . ' . 

Ten  teachers,  at  $500  each . 

Five  teach  el’s,  at  $450  each . 

Twelve  teachers,  at  $425  each . . i . 

Fifty  teachers,  at  $400  each . . . 

One  temporary  teacher .  . . ^ . ' . 

Six  teachers,  at  $250  each . 

One  janitor . .  . 

One  janitor . . 

One  janitor . . . I . 

One  janitor . . . I . , . . ^ . 

One  janitor . ' . 

One  janitor . I . 

One  janitor . 

One  janitor . . 

One  janitor .  . . 

One  janitor . . I .  . 

One  janitor . 

One  janitor .  . . ' . 

One  janitor . . . 

One  janitor .  . 

One  janitor . * . 

One  janitor . . . 

Two  janitors,  at  $384  each . ' . 

Two  janitors,  at  $288  each . . . i . 

One  janitor . .  . 

One  janitor . . . 

One  janitor . : . 

One  janitor . ' . 

One  janitor . 

Three  janitors,  at  $172  each .  i . 

One  janitor . . . 

One  janitor . .  . 

Two  janitors,  at  $160  each . . . 

One  Janitor . 

One  janitor . 

Six  janitors,  at  $86  40  each . 

Twelve  janitors,  at  $80  each . I . 

Three  Janitors,  at  $120  each . . 

Four  Janitors,  at  ^  each . . . 

Eleven  Janitors,  at  $54  each . . 

Nine J^tors,  at  $50  each . 

Additional  teachers  and  increase  of  pay  by  continuous 

service . . 

Rent  of  Bchool-boildings . ' . [ . . 


$1,200  00 
540  00 
6(X)  00 
607  15 


58, 546 

00 

$3,000 

00 

$2,700 

00 

2,250 

00 

150 

00 

150 

00 

900 

00 

800 

00 

8,250 

00 

1,600 

00 

2, 700 

00 

1,300 

(.K) 

1,200 

00 

1,100 

00 

15,  000 

00 

960 

00 

1,900 

00 

10, 800 

(H) 

8, 500 

00 

16, 000 

00 

23, 2r)0 

00 

35, 700 

00 

37,  050 

00 

49,  8<K) 

00 

13, 750 

00 

5, 000 

00 

2,250 

00 

5, 100 

00  ' 

20, 000 

00 

350 

00 

1,500 

00 

1,140 

00 

1,102 

00 

1,087 

00 

922 

00 

914 

00 

900 

00 

880 

00 

850 

00 

(582 

00 

622 

00 

602 

00 

588 

00 

584 

00 

582 

00 

540 

00 

430 

00 

768 

00 

576 

00 

250 

00 

230 

00 

225 

00 

216 

00 

192 

00 

516 

00 

180 

00 

150 

00 

320 

00 

140 

00 

92 

2:1 

518 

40 

960 

00 

3(K) 

00 

240 

00 

594 

00 

450 

00 

12,000 

00 

o 

o 

o 

00 

I 
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of  appropriations — District  of  Golumhia—Jor  fiscal  years  ending  June  30,  1879,  and  Jtine  30,  1880,  <fec. — Continued. 


General  ohject,  (title  of  appropriation,)  and  details  and  explanations. 


Date  of  acts,  or  i  References  to  Stats, 
treaties,  pro-  at  Large,  or  to  Re- 
Tiding  for  the  vised  Statutes, 
expenditure.  ' 


Vol.  or 
I  R.  S. 


Page. 


Sec. 


E.stiniated  ain’t  Total  amount  to  be 
required  for  1  appropriated  un- 
each  detailed  I  der  each  head  of 
oliject  of  ex-  I  appropriation, 
penditure.  j 


Amount  appro¬ 
priated  for  the 
fiscal  year  end¬ 
ing  June  30, 
1879. 


Mic  Schools  of  the  District  of  Columbia — Continued.  ' 

Fuel . . . . I  . 

Repairs  to  school -biiildine^ . . 

Contingent  expenses,  including  books,  stationery,  iirint-  I  ^ 

ing,  insurance,  and  miscellaneous  items . ' . . 

Total . I . 

I  I 

Hdropolitan  Police — 

One  m^jor  and  superintendent . L  . . 

One  captain . I  . I 

One  clerk . . 

One  clerk . ' 

Three  surgeons,  at  $450  each .  . 

Six  detectives,  at  $1,320  each . I . : . 

Ten  lieutenants,  at  $1,200  each . . .  . . 

Twenty  sergeants,  at  $1,140  each . |  . 

Seven  acting  sergeants,  at  $1,080  each . . . 

Eighteen  privates,  class  five,  at  $1,080  each . |  . 

Forty-three  privates,  class  four,  at  $1,056  each .  . . -• . 

Fifty-nine  privates,  class  three,  at  $0)16  each . i . 

Forty-one  privates,  class  two,  at  $048  each . i . . . . 

Thirty-two  privates,  class  one,  at  $840  each . 

Sixteen  station-keepers,  at  $516  each . ! . 

Flight  laborers,  at  $420  each . i  . 

Two  telegraph-operators,  at  $780  each . 

One  messenger . I . • . 

One  messenger . I . ' 

One  major  and  superintendent,  mounted  service . | . . 

One  captain,  mounted  service . . . I . . . 

Fifty  lieutenants,  sergeants,  and  privates,  mounted,  at  I  i 

$240  each .  |  i 

Increase  of  pay  by  continuous  service . . . ! 

Rent  of  police  station-houses  and  jiolice  headquarters _ ! . . . 

Fuel . . 1 

Repairs  to  station-houses . 

Miscellaneous  expenses,  including  stationery,  gas,  tele-  I 

graphing,  ice,  washing,  printing,  meals  to  prisoners,  re-  1 

pairs  to  van,  &c . . . 


*1-2,  OfN) 

00 

20,  OC»0 

00 

18,  .587 

37 

380, 000 

00 

2,  560 

00 

1,  800 

00 

1,800 

00 

1,500 

00 

1,  350 

00 

7,920 

00 

12,  000 

00 

22, 800 

00 

7,560 

00 

19, 440 

00 

45, 408 

00 

58, 764 

00  ' 

38, 868 

00  1 

i  26, 880 

00 

8,256 

00 

1  3, 360 

00  1 

1  1,560 

00  ' 

900 

00  1 

360 

00 

360 

00  ' 

I  240 

00 

12, 000 

00 

3,187 

00  1 

6,200 

00 

1,543 

00  1 

1,200 

00 

12, 184 

00 

Fir?  Department  and  Fire-Alarm — 

Fire  Department  and  Alarm-Telegraph: 

Two  eoramissionei*8,  at  $200  each . 

One  commissioner  and  secretary . 

One  chief  engineer . 

One  as.sistant  engineer . 

One  sujierintendent  of  fire-alarm  telegraph . 

Two  telegni])h-oiH‘rator8,  at  $1,200  each . 

Six  foremen,  at  $1,000  each . 

Two  foremen,  at  $1,000  each,  for  six  months,  (new  com- 

]»anie.H) . 

Five  engineers,  at  $1,000  each . 

One  engineer,  at  $1,000, for  six  months,  (new  comjiany). 

Five  firemen,  at  ^800  each . i 

One  fireman,  at  $800,  for  six  months, (now  conquiny) _ 

Onetillermau . 

One  tillerman,  at  $800,  for  six  months,  (new  company). . ' 

Six  hostlers,  at  $'^00  ea<di . 

Two  hostlers,  at  $800  each,  for  six  months,  (new  com-  , 

fianies) . 

Thirty-six  privates,  at  $720  each . 

Twelve  privates,  at  $720,  for  six  months,  (new  companies). 

Six  privates,  at  $720,  temporarily  employed . I 

Repairs  to  engine-houses . I 

Fuel . 

Purchase  of  horses . 1 

Repairs  to  api>aratU8 . 

Contingent  expenses,  including  hose,  forage,  stationery,  j 
horseshoeing,  washing,  and  miscellaneous  items . I 

Total . 

— 

police  (.’onrt : 

One Jndge  . 

One  clerk . 

One  deputy  clerk . j 

Two  bail  ills,  at  $3  per  day  each .  . . 

One  niessfMiger . | 

One  doorkeeper . 


$300, 000  00 


o 

o 

00 

400 

00 

1,800 

00 

1,400 

00 

1, 500 

00 

2,  400 

00 

6, 000 

00 

1,000 

00 

5, 000 

00 

500 

00 

4,000 

00 

400 

00 

800 

00 

400 

00 

4,800 

00 

800 

00  1 

25,920 

00 

4,  320 

00 

4, 320 

00 

1,000 

00 

500 

00 

2,  500 

00 

7,000 

00 

27,840 

00 

105,000 

00 

$3, 000  00 
2,000  00 
1,000  00 
1,878  (K) 
900  00 
540  00 
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Estimates  of  appropria  tions — Distr  ict  of  Columbia — for  fiscal  years  endiny  June  30, 1879,  and  June  30,  1880,  Continued 


Date  of  acts,  or  References  to 

1  treaties,  pro-  at  Larpe,  or 

_  ,  ^  t  j  j  A  1  *.4  vidinc  for  the  vised  Statute 

General  object,  (title  of  appropriation,)  and  details  and  explanations.  expenditure. 

Vol.or  p 

R.S.  1 

Stats.  EHtiraated  ain’t  Total  amount  to  be 
to  Re-  required  for  appropriated  un- 

«.  each  detailed  der  each  head  of 

object  of  ex-  appropriation, 

penditure. 

Sec. 

Courts — Continued.  I 

One  justice  of  the  peace,  acting  as  judge  in  the  judge’s 

.  *620  00 

.  1,700  00 

Contingent  exjienses,  including  books,  stationery,  fuel. 

.  2, 046  00 

.  2, 500  00 

.  18, 500  00 

Streets — 

■a* 

.  *11,796  00 

Street-lamps :  i 

.  130,630  00 

.  1.000  00 

.  :«)  00 

.  800  00 

.  1,920  00 

.  120  00 

Parking  Commission :  ^ 

.  900  00 

Contingent  exjienses,  including  laborers,  cart-hirc,  tree- 
boxes,  tree-8tra^)8,  tree-stakes,  planting  and  care  of 
trees,  trees,  whitewashing,  care  of  parks  and  trees. 

.  13,40000 

Current  work  of  repair  of  streets,  alleys,  county  roads,  &<;. :  i 

' .  2.000  00 

One  clerk  . i . .  1,900  00 

Labor,  cart-hire,  materials,  and  miscellaneous  items . ' .  741  00 

Sweeping,  cleaning,  and  sprinkling  streets  and  avenues . . .  35, 100  00 

V.  ---ft,  .  1 

.  2,500  00 

Total . . 

1 .  272,137  00 

Amount  appm 
I  priat«4\  for  th 
nacal  year  end 
I  in^  June  3( 
!  1879. 


Miscellaneous — 

Markets : 

One  market-master . . 

One  market-master .  . 

Two  market-masters,  at  $900  each . . .  — 

Contingent  expenses,  including  gas,  repairs,  and  miscel¬ 
laneous  items . 

Rent  of  mnrket-site  and  property-yards . 

Hay-scales . 

Rent  of  District  offices . 

General  advertising . . . 

Miscellaneous  items,  including  books  for  register  of  wills, 
printing  checks,  damages,  &c . 

Total . 


Health  Department — 

One  health-officer  . 

Six  sanitary  inspectors,  at  $1,200 . 

Clerks . 

One  pound-master . 

Contingent  expenses,  including  books,  stationery,  fuel, 
rent,  disinfectants,  and  miscellaneous  items . 

Total . 


Interest  on  Funded  Debt — 

Estimated  by  the  Commissioners . 

Workhouse — 

Estimated  by  the  Commissioners 

Refunding  School  ond  other  Taxes — 

Estimated  by  the  Commissioners 

Workingmen — 

Estimated  by  the  Commissioners 

Purchase  of  Fire-Engines — 

Estimated  by  the  Commissioners 


$1,650  00 
1, 500  00 
1,800  00 

4,550  00 
1, 175  00 
200  00 
6,000  00 
7,000  00 

5,564  00 


29,439  00 


$3,000  00 
7,200  00 
7,000  00 
1,000  00 

3,800  00 


22,000  00 


$1,018,965  70  ( 
7, 500  00 

I 

35,000  00 
37,500  00 

I 

!  48,000  00  i 
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htimtei  of  appropriations— Bistrict  of  Golumbia^/or  fiscal  years  ending  June  30,  1879,  and  June  30,  1880,  <fcc. — Continued. 


Gfneral  object,  (title  of  approprifttion,)  and  details  and  explanations. 


Date  of  acts,  or  !  References  to  Stats, 
treaties,  pro-  at  Large,  or  to  Re- 
vidiug  for  the  |  visetl  Statutes, 
expenditnre.  | _ - _ _ _  _ 


Vol.or  I 
I  R.S.  I 


Page. 


Sec.  I 


Estimated  am't  '  Total  amount  to  be 
required  for  appropriated  un- 
each  detailed  der  each  head  of 
object  of  ex-  |  appropriation, 
penditure. 


Amount  appro¬ 
priated  for  the 
fiscal  year  end¬ 
ing  June  30, 
1879. 


Estimated  by  the  Commissioners 
falling  Due — 

Estimated  by  the  Commissioners 
Total  General  Expenses . . . 


I  $25,000  00  j 

I 

1  281,500  00 

I .  $2,757,847  70  1 


Total  Estimates,  Fiscal  Year  1879 . . 

FISCAL  YEAR  1880. 
lupraremmts  and  Repairs — 

Completion  of  work  upon  sundry  avenues  and  streets, 
(as  shown  in  Apj^ndix,  marked  “A,”)  $913,824  08;  of 
which  amount  it  is  estimated  that  $100,000  will  be  re- 
qnired  to  pay  for  work  to  be  completed  during  the  fis¬ 
cal  year  ending  June  30,  1880 . . 

Replacement  of  pavements,  6;10,172.80  square  yards,  at 
$2  25  per  yard,  (as  shown  in  Appendix,  markW  ‘‘A,”) 
$1,418,888  80;  of  which  amount  it  is  estimated  that 
$4(i0,0CK)  will  be  required  to  pay  for  work  to  be  com¬ 
plete  during  the  fiscal  year  ending  June  30,  1880  . . 

Repairs  to  concrete  pavements . . 

Material  issued  for  permit-work . . 


100, 000  00 


I  460, 000  00 
135,  000  00 
15, 000  00 


Consiruetingj  Repairing^  and  Maintaining  Bridges — 


Ordinary  care  of  Benning^s,  Anacostia,  and  Chain  bridges, 

including  fuel,  oil,  lamps,  matches,  &c . . 

Replanking  and  painting  Chain  bridge . . 

Repairing  Benning’s  bridge  and  its  carriageways . . 

Raising  embankments  of  Anacostia  bridge  and  repairing 
piers  and  abutments . . 


Appropriated.! 


do 


Maintaining  Institutions  of  Charity j  Reformatories j  and  Prisons — 

Washington  Asylum :  I 

One  commissioner . . 

One  intendant . . . 

One  matron . . 

One  visiting-physician . i . 

One  resident-physician . 

One  resident-physician . . 

One  clerk . 

One  baker . 

Six  overseers,  at  $600  each . ! . 

One  watchman . 

Three  watchmen,  at  $180  each . ' . 

One  driver . 

One  hostler . . 

One  cook . 

Two  cooks,  at  $60  each . i . 

Five  nurses,  at  $60  each . 

Contingent  expenses,  including  provisions,  fuel,  forage,  j 
lumber,  hardware,  shoes,  dry-goods,  medicines,  and 
miscellaneous  items . ! . 

Total  Washington  Asylum . $45,000  00 

Oeor^town  Almshouse:  Support  of  inmates . . 

Hospital  for  the  Insane :  Board  and  clothing  of  inmates. . . . 

Transportation  of  paupers  aud  conveying  prisoners  to 

workhouse . . 

Reform  School,  District  of  Columbia:  Support  of  inmates., . 

Relief  of  the  poor . . 

^sskingUm  Aqueduct —  I 

Engineering,  maintenance,  and  general  repairs .  June  20, 1878 


20 


221  I  1 


1,200  00 
2, 500  00 
2,500  00 


3, 000  00 


200 

00 

800 

00 

600 

00 

1,200 

00 

480 

00 

360 

00 

480 

00 

420 

00 

3,600 

00 

300 

00 

540 

00 

120 

00 

60 

00 

120 

00 

120 

00 

300 

00 

35,300 

00 

1,800 

00 

17,000 

00 

2, 500 

00 

20, 000 

00 

15, 000 

00 

20  221 


GENERAL  EXPENSES. 

and  Contingent  Expenses — 

Executive  oflSce  proper: 

Two  Commissioners,  at  $5,000  each 

One  secretory . 

One  clerk . 

One  clerk . 


10,000  00 
2, 160  00 
1,500  00 
1,440  00 


3, 553, 149  70  | 

i 

I 


1 


$710, 000  00 


.  9,200  00 


101, 300  00 

20, 000  00 
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Estimates  of  appropriations — District  of  Columbia — for  fiscal  years  ending  June  30, 1879,  and  June  30,  1880,  &c. — Continued. 


General  object,  (title  of  appropriation,)  and  detaile  and  explanatione. 


Date  of  acta,  or 
I  treaties,  pro- 
I  vidinK  for  the 
expenditure. 


References  to  Stats. 
I  at  Large,  or  to  Re- 
I  vised  Statutes. 


Vol,  or 
R.  S. 


Page. 


Sec. 


Estimated  am’t  Total  amount  to  be 
required  for  appropriated  un- 

each  detailed  der  each  head  of 

object  of  ex-  appropriation, 

penditnre. 


Amount  appiD- 
printed  for  th»> 
fiscal  yeareml 
ing  June  30, 
1879. 


Salaries  and  Contingent  Expenses — Continued.  \ 

Executive  office,  proper — Continued.  | 

Two  temporary  clerks,  arrangiuj^,  classifyin*:^,  and  pre-  ! 
serving  records  of  former  governments,  at  .$3  per  day  ' 

each . 

One  temporary  clerk,  arranging,  classifying,  and  pre¬ 
serving  records  of  former  governments,  at  $1  50  per  i 

day . 

One  mevssenger . 

Contingent  expenses,  including  books,  stationery,  print-  j 
ing,  and  miscellaneous  items . ^ 

Total 


Auditor  and  Comptroller’s  office : 

Auditor  and  Comptroller . 

One  bookkeeper . 

One  clerk . 

Three  clerks,  at  $1,400  . 

One  clerk . 

Contingent  expenses,  including  furniture,  books,  sta¬ 
tionery,  and  miscellaneous  items . 

One  clerk,  in  charge  of  special-assessment  branch . 

Two  clerks,  at  $1,200  each . 

One  clerk,  at  $3  per  day . 

Two  clerks,  at  $1  50  per  day  each . 

Total . . .  .f . 


Sinking-fund  office : 

Two  clerks,  at  $1,200 
Contingent  expenses 

Total . . 

Coroner’s  office: 

One  coroner . . . . 

Contingent  expenses,  including  books,  stationery,  jury, 
and  witness-fees . 


Collector’s  office: 

Collector . 

One  clerk . 

One  clerk . 

One  clerk . 


One  clerk 


One  clerk,  at  $3  per  day .  I  1 

One  inessencer . . .  ' 

Contingent  expenses,  including  books,  stationery,  print-  1 
ing,  and  miscellaneous  items . 

Total .  i  1 

Attorney’s  office :  i  ( 

One  attorney . 

One  assistant  attornev .  ' 

One  special  assistant  attorney ...  ' 

One  clerk .  I 

One  clerk .  ' 

Contingent  expenses,  including  books,  stationery,  and  i- 
miscellaneous  items .  ‘  ' 

. 

Total . 

Treasurer’s  office :  j 

Treasurer .  i 

i 

One  clerk . 

One  messenger . 

Contingent  expenses,  including  books,  stationery,  car-  ^ 

fare,  &c . 

Total .  1  1 

. --'I . 

Inspector’s  of  Buildings  office :  1 

One  inspector . 

One  assistant  inspector  and  draughtsman  i 

One  assistant  inspector . 

1 . 

$1,878  00 

469  50 
840  00 

2,712  50 

21,  000  00 


$3,  (X)0  00 
1,800  00 
1,500  00 
4,200  00 
1,200  00 

860  00 
2, 160  00 
2, 400  00 
940  00 
940  00 


19,  000  00 


$2,400  00 
300  00 

2,700  00 

$1,800  00 
700  00  1 
2,500  00 


I  $4,000  00 

1,70000 

I  1,200  00' 

1,000  00 
960  00 
940  00  t 
480  00 

I 

I  4,720  00 


I  15, 000  00 


$5, 000  00 
1,900  00 
960  00 
960  00  ! 
192  00 

I 

988  00 


10, 000  00 


i  $2, 400  00 

I  1,200  00  I 

900  00 

I  200  00 


4, 700  00  j 


$2, 400  00  I 
1, 700  00 
1,000  00  : 


Digitize(d  by  CjOOQie 


ESTIMATES  OP  RECEIPTS  AND  EXPENDITURES - DISTRICT  OP  COLUMBIA. 


15 


Estimates  of  appropriations — District  of  Columbia— for  fiscal  years  ending  June  30,  1879,  and  June  30, 1880,  &c. — Continued. 


(jpn«?r»l  object,  (title  of  appropriation,)  and  details  and  explanations. 


Date  of  acts,  or 
treaties,  pro¬ 
viding  for  the 
expenditure. 


References  to  Stats, 
at  Large,  or  to  Re¬ 
vised  Statutes. 


Vol.  or 
R.  S.  I 


Page. 


Sec. 


Estimated  am’t  Total  amount  to  be  Amount  appro- 
required  fori  approprioted  nn-  priate<l  for  the 
each  detailed  der  each  head  of  fiscal  year  end- 

I  object  of  ex-  I  appropriation.  ing  J^une  30, 

I  penditure.  i  1879. 

I 


Mlarir*  and  Contingent  Expenses — Continiieil. 

Inspectors  of  Biiildiugs  office — Continued. 

One  messenger . 

Contingent  expenses,  including  books,  stationery,  and 
miscellaneous  items . t 

Total . I 

Superintendents  of  Asse-ssments  and  Taxes  office :  | 

One  snperintendent . 

Two  clerks,  at  Si, 200 . 

One  messenger . 

Contingent  expenses,  books,  stationery,  and  miscellane-  | 
ous  items . . 

Total . 

Inspector’s  of  Gas  and  Meters  office:  | 

One  inspector . 

One  assistant  inspector . 

Total . ] 

Assessor’s  office : 

Three  assessors,  at  $1,250  each . 

Two  clerks,  at  $1,200  each . 

One  messenger,  at  $1  50  per  day . , 

Contingent  expenses,  including  books,  stationery,  print¬ 
ing,  temporary  clerks,  <fec . I 

Total . . . 


Harbor-master  of  Georgetown . . 

Sealer  of  weights  and  measures . 

Total . 

Engineer’s  office : 

One  chief  clerk . 

One  clerk . 

Five  clerks,  at  $1,200  each . 

One  clerk . 

One  clerk . 

One  clerk . 

One  clerk,  at  $3  20  per  day  . 

Seven  clerks,  at  $3  per  day  each . 

One  computing-en^neer . 

One  draughtsman . 

One  leveller . 

Two  levellers,  at  $4  per  day  each . 

Two  rodnien,  at  $780  each . 

One  axeman,  at  $2  per  day . 

One  axeman . 

One  inspector  of  asphalt  pavements . 

One  inspector. . . 

One  insriector,  at  $2  50  per  day . 

Eleven  inspectors,  at  $4  per  day  each,  (employed  for  six 

months) . 

Two  overseers,  at  $1,200  each . 

One  overseer . 

One  overseer,  at  $4  per  day . 

One  siijierintendent  of  property . 

One  watchman  at  property-yard . 

Two  watchmen  at  property-yard,  at  $1  50  per  day  each . 

One  ln8|>ector  of  fuel,  at  $2  per  day . 

One  janitor  of  public  buildings . 

Two  watchmen  of  public  buildings,  at  $000  each . 

One  laborer . . 

One  lalmrer . 

One  laborer,  at  $1  25  iier  day . 

One  laborer,  at  $1  50  [>er  day . 

One  8n|>erintendent  of  permits . . 

One  sewer- tapper . 

Two  mcjssongers,  at  $600  each . 

One  messenger . 

One  driver . 

Contingent  expenses,  books,  stationery,  &c . 

Total . . 


$480  00 
300  00 
5,880  00 


$2, 400  00 
2, 400  00 
720  00 

2,280  00 

7,800  00 


$2, 000  00 
1,000  00 

3, 000  00 


I  $3,750  00 

2,400  00 
,  409  50 

4, 380  50 

11,000  00 


1  $80 

00  1 

1  80 

00 

160 

00 

ei,760 

00 

!  1,440 

00 

6,000  00  I 

960  00  I 
900  00 
720  00  I 

1,001  60  i 

939  00 
2,400  00 
1,000  00 
1,600  00 
2,504  00  I 
1,560  00 

626  00  I 

600  00  I 
2, 400  00  I 
1,440  00  I 
882  50 

6,  886  00  I 

2. 400  00 
960  00  1 

1,252  00  ' 
1,800  00  j 
720  00  ' 
1,095  00  , 
626  00  I 
720  00 

1,200  00  I 
600  00  ; 
480  00 
391  25 
469  50  j 

1.400  00 
1,000  00 
1,200  00  ' 

540  00 
600  00 
4,927  15 

58,000  00 
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Estimates  of  appropriations — District  of  Columbia— for  fiscal  years  ending  June  30,  1879,  and  June  30, 1880,  &c. — ^Continued 


General  object,  (title  of  appropriation, )  and  details  and  explanations. 


Date  of  acts,  or 
treaties,  pro¬ 
viding  for  the 
expenditure. 


References  to  Stats, 
at  Larjje,  or  to  Re¬ 
vised  Statutes. 


Vol.  or 
R.  S. 


Page. 


Sec. 


Estimated  ani’t 
required  for 
each  detailed 
object  of  ex¬ 
penditure. 


Total  amount  to  be 
appropriated  un¬ 
der  each  head  of 
appropriation. 


Amount  apprr 
priated  for  tb 
fiscal  vear  eii< 
ing  Juue 
1879. 


Saluries  and  Contingent  Expeiisee— Continued. 

Fuel,  ice,  repairs,  geueral  miscellaneous  expenses,  &c.,  for 
District  offices . ^ .  $3, 000  00 

Total  Salaries  and  Expenses . ^163, 740  00  I 

Public  Schools  of  the  District  of  Columbia — 


One  superintendent . ^ .  .  $2, 700  00 

One  superintendent .  .  .  .  2, 200  00 

One  secretary . i .  ir>0  00 

One  clerk  to  committee  of  accounts,  board  of  trustees . . . . . .  150  00 

One  clerk . i .  900  00 

One  clerk . t^OO  00 

Five  teachers,  at  $1,650  each . ' . .  8, 2i50  00 

One  teacher . .  1, 600  00 

Two  teachers,  at  $1,350  each . . . .  2, 700  00 

One  teacher . ' .  1,  300  00 

One  teacher . . .  1, 200  00 

One  teacher .  . .  1, 100  00 

Fifteen  teachers,  at  $1,000  each . . . . .  15,000  00 

One  teacher .  9i>0  00 

Two  teachers,  at  $950  each . ; .  1, 900  00 

Twelve  teachers,  at  $900  each . I .  .  10,  f^oo  00 

Ten  teachers,  at  $850  each . .  .  8, 5n0  00 

Twenty  teachers,  at  $800  each . . .  .  16, 000  00 

Thirty-one  teachers,  at  $750  each . . .  23, 250  00 

Fifty-one  teachers,  at  $700  each . .  35,700  00 

Fifty-seven  teachers,  at  $650  each .  .  . . .  37, 050  00 

Eighty-three- teachers,  at  $600  each . .  49,  fcoO  00 

Tweuty-tive  teachers,  at  $k)0  each .  13,750  00 

Ten  teachers,  at  $500  each . .  5,  ooO  OO 

Five  teachers,  at  $450  each .  .  2, 250  00 

Twelve  t-eachers,  at  $425  each .  .  5,  loo  00 

Fifty  teachers,  at  400  each . .  .  20, 000  00 

One  temporary  teacher . . I . , .  ;i50  00 

Six  teachers,  at  $250  each . .  1, 500  00 

One  janitor . I . .  1, 140  00 

One  janitor .  1, 102  00 

One  janitor .  1,087  OO 

One  janitor .  922  00 

One  janitor .  914  00 

One  janiter .  900  00 

One  janitor .  880  00 

One  janitor . ] _ l .  850  00 

One  janitor .  682  00 

One  janitor .  . . l .  622  00 

One  janitor  .  I . . .  (K)2  00 

One  janitor . 588  00 

One  janitor . 584  00 

One  janitor . 582  00 

One  janitor .  540  00 

One  janitor .  430  00 

Two  janitors,  at  $384  each .  768  00 

Two  janitors,  at  $288  each . i . .  576  00 

One  janitor . 250  00 

One  janitor . . I .  i  230  00 

One  janitor . , . j .  225  00 

One  janitor . i .  216  00 

One  janitor . I . I .  192  00 

Three  janitors,  at  $172  each .  1 .  516  00 

One  janitor . 180  00 

One  janitor . 150  00 

One  Janitor .  140  00 

One  Janitor .  i .  .  92  23 

Six  janitors,  at  $86  40  each . . . . .  518  40 

Twelve  Janitors,  at  $80  each .  ' .  960  00 

Three  janitors,  at  $120  each . | . | .  360  00 

Fonr  janitors,  at  $60  each .  . . .  240  00 

Eleven  janitors,  at  $54  each . ' . .  594  00 

Nine  janitors,  at  $50  each . .  450  00 

Additional  teachers  and  increase  of  pay  by  continuous  ser-  | 

vice . ! .  .  22,000  00 

Renliof  school-buildings . ^ . ' .  30, 000  00 

Fuel . i . .  12, 000  00 

Repairs  to  school-buildings . ' .  25, 000  0i> 

Contingentexpenses,includingbookB,  stationery,  printing, 
insurance,  and  mi^llaneous  items . ! . . i .  21, 587  37 


Total . .' .  . . I . : .  400, 000  00 
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litimates  of  appropriations — District  of  Columhui— for  fiscal  years  ending  June  30,  1879,  and  June  30,  1880,  &c. — Continued. 


General  object^  (title  of  appropriation,)  and  details  and  explanations. 


]!iiropoUtan  Police — 

One  miyor  and  superintendent . 

One  captain . 

One  clerk . ' 

One  clerk . 1 

Three  surgeons,  at  $450  each . ! 

Six  detectives,  at  $1,320  each  .1 . | 

Ten  lieutenants,  at  $1,200  each . 

Twenty  sergeants,  at  $1,140  each . 

Seven  acting  sergeants,  at  $1,080  each .  * 

Eighteen  privates,  class  five,  at  $1,080  each . , 

Forty-three  privates,  class  four,  at  $1,05(3  each . 

Fifty-nine  privates,  class  tliree,  at  $9%  each . 

Forty-one  privates,  class  two,  at  $948  each . t 

Thirty-two  privates,  class  one,  at  $840  each . 

Sixteen  station-keepers,  at  $516  each . 

Eight  laborers,  at  $420  each . 1 

Two  telegraph-operators,  at  $780  each .  . 

One  messenger . I 

One  messenger . | 

One  major  and  superintendent,  mounted  service . 

One  captain,  mounted  service . 1 

Fifty  lieutenants,  sergeants,  and  privates,  mounted,  at  j 

$240  each . 

Increase  of  pay  by  continuous  service .  ' 

Rent  of  police  station-houses  and  police  headquarters . i 

Fuel . ' 


Date  of  acts,  or  '  References  to  Stats, 
treaties,  pn>-  i  at  La^e,  or  to  Ke- 
vidiug  for  the  vised  Salutes, 
expenditure.  ' _ _ _ _ 

P**®-  '  Sec. 


Repairs  to  station-houses . 

Miscellaneous  expenses,  including  stationery,  gas,  tele¬ 
graphing,  ice,  washing,  printing,  meals  to  prisoners, 
repairs  to  van,  &c . 


Total. 


/Ve  Department  and  Fire-Alarm — 

Two  eommissioners,  at  $200  each . 

Quo  oommissioner  and  secretary . 

Ono  chief  engineer . 

One  aasifitant  engineer . 

One  soperintendent  of  fire-alarm  telegraph . 

Two  telegraph-operators,  at  $1,200  each . 

Eight  foremen,  at  $1 ,000  each . 

8lx  engineers,  at  $1,000  each . 

Six  firemen,  at  $800  each . 

Two  tillermen,  at  $800  each . 

Eif^t  hostlers,  at  $800  each . 

Forty-eight  privates,  at  $720  each . 

ffix  private,  at  $720  each,  temporarily  employed  . 

Repairs  to  engine-houses . 

Fuel. 


Purchase  of  horses . 

Repairs  to  apparatus . 

Contingent  expenses,  including  hose,  forage,  stationery, 
horseshoeing,  washing,  and  miscellaneous  items . 


Total . 


Police  court : 

One  judge . 

One  clerk . 

One  deputy  clerk . 

Two  bailii&,  at  $3  per  day . . 

One  messenger . 

One  doorkeeper . 

One  justice  of  the  peace,  acting  as  judge  in  judge^s  ab¬ 
sence . 

United  States  marshaPs  fees .  . 

Rent  of  building  for  jiolice  court . 

Contingent  expenses,  including  books,  stationery,  fuel, 

ice,  gas,  witness-fees,  and  miscellaneous  items.* . 

JndjciflJ  exj^nses . 

Total . 

Nrti — 

Removal  of  garbage . 

Street  lamps : 

Lighting,  extinguishing,  and  gas . 

Repairs  to  street-lamps . 

Erection  of  street-lamps . 

Matches  for  use  of  lamp-lighters . 

S.  Mia.  Doc.  16— -3 


Eatiniated  am’t  i  Total  amount  to  be  i  Amount  appro- 
required  for  I  appropriated  un-  priated  for  the 
each  detailed  i  der  each  head  of  1  nacalyear  end- 
object  of  ex-  appropriation.  '  ing  June  30, 
penditnre.  |  I  1879. 


$2, 560  00 
1, 800  00 
1, 800  00 
1,  500  00 
1, 350  00 
7, 920  00 
12, 000  00 
22, 800  00 

7.560  00 
19, 440  00 
45, 408  00 
58,764  00 
38, 868  00 
26, 880  00 

8,256  00 
3, 360  00 

1. 560  00 
900  00 
360  00 
360  00 
240  00 

12, 000  00 
3, 187  00 
6,200  00 
1,543  00 
1,200  00 


12, 184  00 


300, 000 

00 

$400 

00 

400 

00 

1,800 

00 

1,400 

00 

1,500 

00 

2, 400 

00 

8, 000 

00 

6, 000 

00 

4,800 

00 

1,600 

00 

6, 400 

00 

34,560 

00 

4,320 

00 

1,000 

00 

500 

00 

2, 500 

00 

7,000 

00 

30, 420 

00 

115, 000 

00  1 

$3,000 

00 

2,000 

00 

1,000 

00 

1,878 

00  , 

900 

00 

540 

00 

620 

00 

2, 316 

00 

1,700 

00 

2, 046 

00 

2, 500 

00 

18, 500 

00 

$10,355  00 

134,630  00 
1, 000  00 
1,500  00 
30  00 
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Estimates  of  appropriations — District  of  Columbia— for  fiscal  years  ending  June  30,  1879,  and  June  30,  1880,  &c. — Continued 


General  object,  (title  of  appropriation,)  and  details  and  explanations. 


i  Date  of  acts,  or 
I  treaties,  pro¬ 
viding  for  the 
I  expenditure. 


References  to  Stata. 
I  at  Large,  or  to  Re¬ 
vised  Statutes. 


I  Vol.  or 
R.  S. 


Page. 


Sec. 


Estimated  am't  Estimated  amount 
required  for  r^uireil  for  ser- 

serviceofyear  vice  of  year  end¬ 
ending  June  ing  June  30, 1879. 

30,  1880.  I 


Amount  apprc 
priated  for  ih 
fiscal  yearen<i 
ed  June  3< 
1878. 


StreetH — Continued. 

Street  lamps — Continued, 

One  siiperinteinlent . 

Four  lamp-lighters,  at  1480  each . j . 

One  lamp-lighter . . . . 

Parking-commission :  I 

One  superintendent . 1. 

One  assistant  superintendent .  ,. 

Contingent  expenses,  including  laborers,  cart-hire,  tret‘s, 
tree-boxes,  tree-straps,  tree-stakes,  planting  and  care 
of  trees,  wliitewashing,  care  of  parks,  and  iniscella- 

neons  items . 

Ciirrent  wnrk  of  rejiaii^sof  streets,  alleys, comity  roads, «&<•.: 

One  ovemeer  of  repairs . 

One  clerk . i 

Four  snpervisors  of  roads,  at  §i'j00  each . 

Labor,  cart-hire,  materials,  and  miscellaneons  items - | 

Sweeping,  cleaning,  and  sprinkling  streets  and  avenues. .. 

Cleaning  alleys . 

Repairs  to  pumps . j 

Total . 

I 

Miscellaneous —  I 

Markets :  , 

One  market-master . , 

One  market-master . 

Two  market-masters . 1 

Contingent  expenses,  including  gas,  repairs,  and  mis-  , 

cellaneous  items . | 

Rent  of  market-site  and  property-yards . 

Rent  of  district  offices . ' 

General  a<lverti8ing . i 

Miscellaneous  items:  Books  to  register  of  wills,  printing 
checks,  damages,  &c . ^ 

Total . I 

Health  Department —  i 

One  health-officer . 

Six  sanitary  inspectors,  at  . I 

Clerks . . 

One  pound-master . i 

Contingent  exiienses,  including  books,  stationery,  fuel,  I 

rent,  disinfectants,  and  miscellaneous  items . i 

Total . ' 

Interest  on  Funded  Debt — 

Estimated  by  the  Commisioners . 

SinJdng-Fund —  ' 

Estimated  by  the  Commissioners . I 

Total  General  Expenses . i 

Note.— The  Treasurer  of  the  United  States,  a«  commiasioner  of  the  , 

sinking-fiiiid  of  the  District  of  Columbia,  estimates  for  the  two  pre-  i 
ceding  items  as  follows: 

Interest  on  funded  debt .  $1,012,924  12 

Sinking-fund .  271,221  25 

- i 

Total . .  1,284,145  37  I 

See  details  in  Appendix,  marked  “  B.”  j 

Total  E.stimates,  Fiscal  Year  1880 . . 

t 

SUPPLEMENTAL  ESTIMATES,  FISCAL  YEAR  1880.  i 

Improvements  and  Repairs — 

Replacing  wooden  pavements . ' 

Replacing  blue-stone  pavements . 

Additional  work  of  improvements .  | 

Auxiliarj^  sewers . 

Total  Supplemental  Estimates,  Fiscal  Year  1880 . j 


$800 

00 

1,920 

00 

120 

00 

900 

00 

700 

00 

13, 400 

00 

2,000 

00 

1,900 

00 

3, 600 

00 

75, 500 

00 

:15, 100 

00 

7, 500 

00 

2, 500 

00 

29.3, 4.55  00 


SI,  6.50  00  I 
1,  .500  00  , 

1,  800  00  I 

4,550  00 
1, 175  00  I 
200  00  1 
6,000  00  I 

7,000  00  ! 
6, 500  00  I 


30,  .375  00 


S3, 000  00 
7,200  00 
7,000  00 
1,000  00 

3, 800  00 


22,000  00 


SI,  016, 124  12  I 


S200, 000  00 


$2, 559, 194  12 


3,399,694  12 


$676, 886  84 
50,0:10  00 
200,000  00 
413, 000  00 


1,339,886  84 
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APPENDIX  A. 

Erphimtion  of  the  estimates  of  the  Commissioners  of  the  District  of  Columbia  for  the  fiscal  years  ending  June  30,  1879,  and 

June  30, 1880. 

Office  of  the  Commissioners  of  the  District  of  Columbia, 

Washington^  November  15,  1878. 

8ir:  We  have  the  honor  to  submit  estimates  for  expenditures  of  tlie  District  of  Columbia  for  the  fiscal  year  ending 
June  30, 1879,  under  the  following  five  heads,  as  prescribed  in  the  act  approved  June  11, 1878,  entitled  An  act  providing 
il>eniianent  form  of  government  for  the  District  of  Columbia 


Firj^t — Proposed  work  of  improvement  and  repair . . . . .  $004,802  00 

Seioml.. Constructing,  repairing,  and  maintaining  bridges . . .  9,200  00 

fliird.... Maintaining  institutions  of  charity,  reformatories,  and  prisons .  101,300  00 

Fourth.. Expenses  of  Washington  tiqueduct  and  appurtenances .  .  20,  000  00 

Fifth  —  Expenses  of  the  government  of  the  District  of  Columbia . .  .  2,  757,  847  70 


Total . , .  3,553, 149  70 


For  more  detailerl  statements,  see  accompanying  estimates  of  expenditures  and  receipts,  and  engineer’s  tables  Nos.  5 
and  6,  relating  to  work  of  improvement  and  repairs  ;  but  those  two  tables  include  the  work  of  improvement  and  rej>airs 
proposed  to  be  done  both  for  the  current  fiscal  year,  as  estimated  above,  and  for  the  fiscal  year  ending  June  30,  1880. 

By  order  of  the  Board : 

S.  L.  PHELPS,  President 

Hon.  John  Sherman, 

iSecretary  of  the  Treasury, 


Estimated  expenditures  for  the  fiscal  year  ending  June  30, 1879,  under  the  five  heads  enumera  ted  in  the  act  of  Congress  approved 
June  11,  providing  a  permanent  form  of  government  for  the  District  of  Columbia. 


First  —  Expenditures  for  improvements  and  repairs .  . .  $G5,  781  00 

Replacement  of  pavements  . . .  569, 000  00 

Repairs  of  concrete  pavements . . . .  18, 500  00 

Material  issued  for  permit- work. . .  11,521  00 


Total . . .  664, 802  00 


Constructing,  repairing,  and  maintaining  bridges  within  the  District  of  Columbia,  as  per  estimate 

of  Colonel  T.  L.  Casey,  United  States  Engineers,  in  charge.  Total . . .  $9, 200  00 


riiini . .  .Maintaining  institutions  of  charity,  reformatories,  and  prisons: 

Washington  Asylum . .  $45,000  00 

Georgetown  Almshouse .  1, 800  00 

Hospital  for  the  Insane .  17, 000  00 

Transportation  of  paupers,  and  conveying  prisoners  to  workhouse .  .  2, 500  00 

Reform  School .  . . . . .  20, 000  00 

Relief  of  the  poor . . .  15, 000  00 


Total . . .  101,300  00 


Maintenance  and  general  repairs,  as  per  estimate  of  Colonel  T.  L.  Ciisey,  U.  S.  Engineers,  in 

charge.  Total  .  $20, 000  00 


Fifrli  . .  .General  expenses  of  the  government  of  the  District  of  Columbia: 

Salaries  and  contingent  expenses . .  $177,  306  00 

Public  schools .  .  .  380,000  00 

Metropolitan  police . .  300,  000  00 

Fire  department  and  alarm-telegrapli . . . .  105,  000  00 

Courts  . . .  18,  500  00 

Streets . 272,137  00 

Health  depaitment .  22, 000  00 

Debt — Interest . .  1, 018, 965  70 
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Fifth  . .  .General  expenses  of  the  government  of  the  District  of  Columbia — Continued. 

Miscellaneous . . .  ... 

Workhouse . . .  . 

Eefunds . .  . . . 

Workingmen . . 

•  Purchase  of  fire-engines . 

Judgments . 

Bonds  falling  due .  . 


$29, 439  0( 
7,500  (K 
35,000  0( 
37, 500  (M 
48,0rH)  0( 
25,000  (M 
281, 500  0( 


Total 


2,  757, 847  7( 


Estimated  receipts  from  taxes,  and  revenues  of  the  District,  other  than  appropriations,  for  the  fiscal  year 

ending  June  30,  1879 . .  . .  . . . $1,  777, 174  (M 

Appropriations  for  the  general  expenses  of  the  District  of  Columbia  by  act  approved  June 

20,  1878  . *. . . . $1,  250, 000  00 

Deduct  payments  made  as  required  in  the  appropriation,  and  not  provided  for  in  the  act 
approved  June  11,  1878,  as  part  of  the  expenditures  to  be  equally  borne  by  the  United 
States  and  the  District  of  Columbia,  as  follows:  On  account  of — 

Columbia  Hospital  for  Women .  $12, 000  00 

Children’s  Hospital .  ...  5, 000  00 

Children’s  Hospital  .  .  10, 000  00 

St.  Ann’s  Infant  Asylum .  5, 000  00 

Industrial  Home  School  . .  5, 000  00 

National  Association  for  Relief  of  Colored  Women,  &c .  5, 000  00 

-  42, 000  00 

Amount  remaining  to  the  credit  of  the  United  States  as  its  proportion  of  the  expenses’ of  the  District  of 

Columbia  for  the  fiscal  year  ending  June  30,  1879,  under  the  act  approved  June  11,  1878 .  1, 208, 000  0 

Total  estimated  receipts  and  appropriations . .  2, 985, 174  0 

Estimated  receipts  from  taxation . .  $1,  777, 174  00 

Appropriated  by  the  United  States,  as  above . .  .  .  1, 208, 000  00 

Amount  due  from  the  United  States,  on  basis  of  payment  of  50  per  cent,  of  expenses  of  District. .  509, 174  0 

Total  estimated  revenue,  including  deficiency  in  the  appropriation  by  Congress .  3, 554,  348  tl 


Office  of  the  Commissioners  of  the  District  of  Columbia, 

Washington^  November  15,  1878. 

Sir:  We  have  the  honor  to  submit  estimates  for  expenditures  of  the  District  of  Columbia  for  the  fiscal  year  endiii 
June  30, 1880,  under  the  following  five  heads,  as  prescribed  in  the  act  approved  June  11,  1878,  entitled  An  act  providiii 
a  permanent  form  of  government  for  the  District  of  Columbia: 

First . Proposed  work  of  improvement  and  repair .  $710,  GOO  ( 

Second..  .Constructing,  repairing,  and  maintaining  bridges .  9,  200  ( 

Third. . .  .Maintaining  institutions  of  charity,  reformatories,  and  prisons .  .  ...  101,  300  ( 

Fourth..  .Expenses  of  Washington  aqueduct  and  appertenances .  20,000  ( 

Fifth - Expenses  of  the  government  of  the  District  of  Columbia . .  2, 559, 194  j 


Total . . . $3,399,  G94  : 


For  more  detailed  statements,  see  accompanying  estimates  of  expenditures  and  receipts,  and  engineer’s  table.s  N 
5  and  6,  relating  to  work  of  improvement  and  repairs,  also  referred  to  in  our  letter  of  this  date,  transmitting  estimates  t 
the  fiscal  year  ending  June  30,  1879;  but,  we  repeat,  those  two  tables  include  work  of  improvement  and  repairs  pix>pos< 
to  be  done  both  for  the  current  fiscal  year,  as  estimated  above,  and  for  the  fiscal  year  ending  June  30,  1879. 

We  submit  a  supplemental  estimate  of  expenditures  for  this  year,  i.  e.,  1880,  independent  of  our  regular  estimate 
excess  of  estimated  receipts  for  the  same  period  by  $1, 339, 88G  84,  which  excess  is  due  to  the  large  amount  of  work  « 
sewers  and  street  pavements  imperatively  required,  the  cost  of  which  we  do  not  feel  justified  in  omitting  from  our  estimati 
whicli  for  the  two  fiscal  years  (ending  June  30,  1879-80)  together  embrace  the  outlay  necessary  to  replace  all  rotteu-wcw 
pavements  in  the  two  cities  in  the  District;  to  build  the  auxiliary  sewers  necessary  to  prevent  overfiow  in  them,  aiul  i 
lieve  over  taxed  sewers;  to  resurface  concrete  pavements  now  b^ly  worn,  and,  in  addition,  to  expend  $200,000  for 
improvements,  as  much  needed  as  any  of  the  other  work. 

By  order  of  the  Board  : 

S.  L.  PHELPS,  President. 

Hon.  John  Sherman, 

Secretary  of  the  Treasury. 
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Estimated  expenditures  for  the  fiscal  year  ending  June  30,  1880,  under  the  five  heads  enumerated  in  the  act  of  Congress^ 
approved  June  11,  providing  a  permanent  form  of  government  for  the  District  of  Columbia, 


First - Improvement  and  repairs . . .  . .  $100, 000  00 

Replacement  of  pavements. . . . .  400, 000  00 

Repairs  to  concrete  pavements .  .  135, 000  00 

Material  issued  for  perm  it- work . . .  15, 000  00 


Total  .  . . . . .  . .  710, 000  00 


SH?ond.  .Constructing,  repairing,  and  maintaining  bridges  within  the  District  of  Columbia,  across  the 
Potomac  river  and  other  streams,  as  per  estimate  of  Col.  T.  L.  Casey,  United  States  Engineer 
in  charge .  $0,  200  00 


Tliinl . .  .Maintaining  institutions  of  charity,  reformatories,  and  prisons: 

Washington  Asylum  .  .  . .  $45, 000  00 

Georgetown  Almshouse .  . .  1,800  00 

Hospital  for  the  Insane .  .  . . .  .  17,  0(M)  00 

Transportation  of  paupers,  and  conveying  prisoners  to  the  workhouse .  2,500  00 

Reform  School . . ’ .  20, 000  00 

Relief  of  the  poor . . . . . .  15, 000  00 


Total  . . .  .  101,300  00 


Fourth. .Washington  aqueduct  and  appurtenances: 

Engineering,  maintenance,  and  general  repairs,  as  per  estimate  of  Col.  T.  L.  Casey,  United 

States  Engineers,  in  cliarge . . .  .  $20, 000  00 


Fifth _ General  expenses  of  the  government  of  the  District  of  Columbia: 

Salaries  and  contingent  expenses . . . . .  $103,  740  00 

Public  schools .  .  . .  400,  000  00 

Metropolitan  police . .  300, 000  00 

Fire  department  and  alarm-telegraph . .  . .  115, 000  00 

Courts . .  18,  500  00 

Streets . .  293, 455  00 

Health  department .  22,000  00 

Debt— Interest . . .  1, 010, 124  12 

Sinking-fund  . . .  200,  000  00 

Miscellaneous . .  .  . .  30, 375  00 


Total  . .  2, 559, 194  12 

Estimated  receipts  from  taxes  and  revenues  of  the  District  of  Columbia,  other  than  appropriations,  for 

the  fiscal  year  ending  June  30,  1880  . .  $  1,  700, 000  00 

.\ssumed  appropriation  by  the  United  States .  1,  700, 000  00 

Total  estimated  receipts  from  both  sources . .  .  3,  400  000  00 


Supplemental  estimate  of  expenditures  for  the  fiscal  year  ending  June  30,  1880,  under  the  first  head  enumerated  in  the  act  of 
Congress  approved  June  11,  ISIS,  providing  a  permanent  form  of  government  for  the  District  of  Columbia, 


K^'placiiig  wootlen  pavements .  . . 
keplacing  blue-stone  pavements  . 
Additional  work  of  improvements 
Auxiliary  sewers . 


$670,886  84 
50,000  00 
200,  000  00 
413,  000  00 


Total 


1,  339,  886  84 
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Table  No.  5. — Schedule  of  Streets  paved  with  wood  and  now  requiring  repair. 


street. 

1  Limits.  1 

1 

No.  of 

square  yards. 

Ist  Street,  East . 

Ist  Street,  East . 

Ist  Street,  West . 

.  From  B  St.,  South,  to  C  St.,  South . 

.  From  B  St.,  North,  to  C  St.,  North . 

.  From  Maryland  Ave.  to  I  St.,  North . 

2, 093.  32 
2, 125. 13 
13, 120. 56 

2d  Street,  East . . 

2d  Street,  East . 

2<1  Street,  West . 

2d  Street,  West . 

3d  Street,  West . 

-  .  From  East  Capitol  St.  to  B  St.,  North  . . . 

.  From  Euvst  Capitol  St.  to  D  St.,  South. .. 

.  From  B  St.,  South,  to  Marvland  Ave _ 

.  Penn.  Ave.,  between  I  and  K  Sts.,  South., 

2,  :165. 79 
7, 867.  32 
1, 109. 95 
15, 125. 76 
10, 460.  81 

4th  Street,  East .  From  East  Capitol  St.  to  C  St.,  South ...  1, 499. 39 


4th  Street,  East .  From  East  Capitol  St.  to  C  St.,  South. . 

5th  Street,  Ejist .  From  East  Capitol  St.  to  C  St.,  South.. 

5th  Street,  West .  From  L  St.,  North,  to  O  St.,  North . 

6th  Street,  East .  From  North  Carolina  Ave.  U)  Pa.  Ave  . . 

6th  Street,  West .  From  F  St.,  North,  to  Boundary . 

7th  Street,  East .  From  Pennsylvania  Ave.  to  D  St.,  Soutli 

7th  Street,  West .  lYom  C  St.,  North,  to  D  St.,  North . 


7th  Street .  Intersectiou  7th  St.,  West,  C  St.,  Louis¬ 

iana  Ave.,  and  Pennsylvania  Avenue. 

7th  Street,  West .  From  L  St.,  South,  to  Potomac  Ferry  . .. 

Hth  Street,  East .  From  D  St.,  South,  to  Penn.sylvania  Ave. 

8th  Street,  West .  From  C  St.,  North,  to  E  St.,  North . 

8th  Street,  West .  From  G  St.,  North,  to  R  St.,  North . 

9th  Street,  West .  From  H  St.,  North,  to  Pennsylvania  Ave. 

9th  Street,  West .  From  Q  St.,  North,  to  U  St.,  North . 

lOth  Street,  W(‘st .  From  F  St.,  North,  to  G  St.,  Nortli . 

10th  Street,  West .  From  K  St.,  North,  to  R  St.,  North . 

11th  Street,  West  .  From  K  St.,  North,  to  O  St.,  North . 

11th  Street,  West .  From  G  St.,  North,  to  F  St.,  North  . 

12th  Street,  West . .  From  N  St.,  North,  to  P  St.,  North  . 

14th  Street,  West .  From  Boundary  to  Circle . 

15th  Street,  West  . . .  From  B  St.,  North,  to  Pennsylvania  Ave . 

15th  Street,  West .  From  K  St.,  North,  to  W  St.,  North . 

16th  Street,  West .  From  H  St.,  North,  to  Boundary . 

18th  Street,  West .  From  L  St.,  North,  running  South . 

19th  Street,  West .  From  Pennsylvania  Ave.  to  Circle . 

20th  Street,  West  . .  From  Pennsylvania  Ave.  to  K  St.,  North. 

2l8t  Street,  West .  From  Penusvlvania  Ave.  to  K  St.,  North  . 

22d  Street,  West .  From  K  St.,  North,  to  L  St.,  North . 

22d  Street,  West .  From  New  Hampshire  Ave.  to  M  St.,  North 

2ild  Street,  West .  From  Circle  to  M  St.,  North . 

26th  Street,  West .  From  Pennsylvania  Ave.  to  L  St.,  North . 

A  Street,  South .  From  Ist  St.,  East,  to  3d  St.,  Ejist . 

A  Street,  North .  From  1st  St.,  East,  to  3d  St.,  East . 

A  Street,  North .  From  14th  St.,  East,  to  2d  St.,  East . 

B  Street,  South .  From  6th  St.,  West,  to  I4th  St.,  West  . .. 

B  Street,  South .  From  Ist  St.,  West,  to  Maryland  Ave _ 

B  Street,  South .  From  Pennsylvania  Ave.  to  5th  St.,  East. 


B  Street,  North . 

C  Street,  North . 

C  Street,  North . 

C  Street,  North,  (Market  Space) 

C  Street,  North . 

C  Street,  South . 


C  Street,  North  . 
D  Street,  South . 


From  Ist  St.,  West,  to  3d  St.,  We.st . 

From  2d  St.,  West,  to  4|  St.,  West . 

From  Ist  St.,  West,  to  North  Capitol  St . 

From  7th  St.,  West,  to  8th  St.,  West _ 

From  North  Capitol  St.  to  3d  St.,  East. .. 
From  4th  St.,  East,  to  Penn.sylvania  Ave. 

From  Pennsylvania  Ave.  to 6th  St.,  West. 

From  7th  St.,  East,  to  8th  St.,  East  . 


D  Street,  North .... 
E  Street,  North  .... 
E  Street,  North  .... 
East  Capitol  Street 
F  Street,  North  .... 

F  Street,  North _ 

H  Street,  North .... 
H  Street,  North. ... 

I  Street,  North . 

K  Street,  North. . . . 
L  Street,  North  .... 
M  Street,  North. . . . 
M  Street,  North. ... 
N  Street,  North  .... 


From  14th  St.,  West,  to  15th  St.,  West 
From  4th  St.,  West,  to  New  Jersey  Ave 
From  14th  St.,  West,  to  I5tli  St.,  West 
From  2d  St.,  East,  to  11th  St.,  East . .. 
From  New  Jersey  Ave.  to  4th  St.,  West 
From  17th  St.,  West,  to  toth  St.,  West 
From  3<1  St.,  West,  to  4th  St.,  West. .. 
From  North  Cai)itol  St.  to  Ist  St.,  East 
From  5th  St.,  West,  to  10th  St.,  West. . 
From  18th  St.,  West,  to  Penn.  Ave.  Circle 

From  6th  St.,  West,  running  West . 

From  New  Jersey  Ave.  to  26th  St.,  West 
From  New  Jersey  Ave.  to  26th  St.,  West 
From  5th  St.,  West,  to  Scott  Square. 


3, 836. 29 
5,519. 18 
5, 087.  .39 
1, 000.  56 
16,742.  73 
948. 73 
511.05 

2,708. 72 

3, 681. 78 
4, 082.  97 

^  15, 473. 14 
13, 192. 50 
13,700. 06 

6, 495. 02 

^  .3,048.19 
16, 094. 64 

1 19,  394. 77 

36, 589. 75 
6, 8:10.  43 
11,396.  04 
2, 270. 00 
1, 325.  28 

5  3,358.25 

2, 499.  44 
1, 383.  82 

1, 896.  83 
2,  489. 48 
2, 526. 52 
13, 001.03 
5,416. 03 
3,789.  14 


3,  .364.  82 
3, 904.  48 
4,026.  04 
1, 167.  ,38 
7, 897.  99 
1,865. 95 

1,633. 33 

1, 369. 00 

1, 9.34. 22 
3, 864. 81 
1, 958.  05 
10, 893.  09 
4,171.97 
2,  ,579. 12 
9, 740.  06 
4, 194.  08 
4,968. 70 
12,271.84 
11,197.88 
18,702. 70 
8, 313. 29 
14, 890. 57 


Remarks. 


Rectangular  block  ;  in  bad  condition. 

Rectangular  block  ;  in  bad  condition. 

Rectangular  block, from  Maryland  Avenue  to  Pennsjlvania 
Avenue,  in  fair  condition ;  Pennsylvania  Avenue  to  I 
Street,  in  bad  condition. 

Round  block ;  requires  repairing. 

Round  block  ;  requires  but  slight  repairs. 

Round  block  ;  in  good  condition. 

Rectangular  block  ;  in  bad  condition. 

Round  block — B  Street  to  north  curb-lino  of  the  Mall,  in 
fair  condition  ;  from  N.  C.  L.  Mall  to  S.  B.  L.  (Missouri 
Avenue)  in  bad  condition ;  from  S. B.  L.  (Missouri  Avenue i 
to  N.  B.  L.  (Pennsylvania  Avenue)  requires  slight  rejiairs: 
Pennsylvania  Avenue  to  L  Street,  North,  in  bad  condi¬ 
tion. 

Rectangular  block ;  in  bad  rx)nditiou,  (south  of  Pennsyl¬ 
vania  Avenue.) 

Round  block  ;  requires  slight  repairs. 

Rectangular  block  ;  requires  slight  repairs. 

Rectangular  block  ;  in  bad  condition. 

Rectangular  block  ;  in  bad  condition. 

Rectangular  block  ;  in  bad  couditiou. 

Rectangular  block  ;  in  bad  condition. 

Rectangular  block ;  in  bad  condition,  (west  side  railroa<l 
track.) 

Rectangular  block  ;  in  bml  condition. 

Rectangular  block  ;  in  bad  condition. 

Rectangular  block  ;  in  bad  condition. 

(  Rectangular  block ;  from  G  Street  to  H  Street,  in  go(H] 
^  condition  ;  remainder  in  bad  couditiou. 

Rectangular  block;  in  bail  condition. 

Rectangular  block ;  in  bad  condition. 

Rectangular  block;  in  bad  condition. 

Rectangular  block ;  in  bad  condition. 

Rectangular  block ;  in  bad  condition,  (west  side  of  14tb  Sr. 

Rectangular  block  ;  in  bad  condition. 

Rectangular  block  ;  in  bad  condition. 

Rectangular  block;  in  ba<l  condition. 

Rectangular  block  ;  in  bad  condition. 

Rectangular  block  ;  in  bad  condition. 

Rectangular  block  ;  in  bad  condition. 

Rectangular  block  ;  in  bad  condition. 

Round  block  ;  in  bad  condition. 

Rectangular  block  ;  in  bad  condition. 

Round  block  ;  requires  slight  repairs. 

Rectangular  Idock ;  in  batl  condition. 

Rectangular  block  ;  in  bad  condition. 

Rectangular  block  ;  in  bad  condition. 

Round  block;  in  excellent  condition. 

2,  485. 70  square  yards,  round  block,  between  Pennsylvania 
Avenue  and  4th  Street,  East,  requires  but  slight  repair; 
1, 30:k44  square  yards,  rectangular  block,  between  4tb 
and  5th  Streets,  in  bad  condition. 

Rectangular  block  ;  in  bad  condition. 

Round  ulock  ;  requires  slight  repairs. 

Rectangular  Idock;  in  bad  condition. 

Rectangular  block ;  in  bad  condition. 

Rectangular  block  ;  in  bad  condition. 

Rectangular  block ;  requires  repairing,  (south  side  of  th( 
space.) 

Rectangular  block ;  requires  repairing,  (north  side  of  th« 
space.)  ^ 

Rectangular  block;  north  side  space  front  Wallach’i 
School-house. 

Rectangular  block ;  in  bad  condition. 

Rectangular  block ;  in  bad  condition. 

Rectangiilar  block ;  all  in  bad  condition. 

Rectangular  block  ;  in  bad  condition. 

Rectangular  block ;  in  bad  condition. 

Rectangular  block  ;  requires  slight  repairs. 

Rectangular  round  block;  in  batl  condition. 

Round  l)lock;  in  bad  condition. 

Rectangular  block;  in  bad  condition. 

Rectangular  block ;  in  bad  couditiou. 

Rectangular  block;  in  bad  condition. 

Rectangular  block;  in  bad  condition. 

Round  block:  in  bad  condition. 

Rectangular  block;  in  bad  condition. 
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Table  No.  5. — Schedule  of  Streets  paved  with  wood  and  now  requiring  repair — Continued. 


Street. 


Limits. 


No.  of 

square  yards. 


Remarks. 


0 Street,  North . '  From  16th  St.,  West,  to  17th  St.,  West. . ' 

P Street,  North . |  From  New  Jersey  Ave.  to  18th  St.,  West.i 


R  Street,  North . I  From  9th  St.,  West,  to  14th  St.,  West - 1 

Delaware  Avenue . .  From  B  St.,  North,  to  C  St.,  North . 

Louisiana  Avenue .  From  6th  St.,  West,  to  7th  St.,  West - 

Maryland  Avenue  .  From  Ist  St.,  West,  to  3d  St.,  West . 

Maasaehusetts  Avenue . .  From  New  Jersey  Ave.  to  13th  St.,  West . 

Missouri  Avenue .  From  3d  St.,  West,  to  4^  St.,  West . 

New  Hampshire  Avenue .  From  Q  St.,  North,  to  Pennsylvania  Ave. 

North  Carolina  Avenue . i  From  4th  St.,  East,  to  6th  St.,  East . 

New  Jersey  Avenue .  From  D  St.,  North,  to  O  St.,  North . 

New  Jersey  Avenue .  From  B  St.,  South,  to  E  St.,  South .  j 

PeoDsylvania  Avenue . ^  From  7th  St.,  East,  to  *2(1  St.,  East . 

Pennsylvania  Avenue .  From  ‘23d  St.,  West,  to  *26th  St.,  West.  ..j 

Ehoile  Island  Avenue .  From  5th  St.,  West,  to  17th  St.,  West.  ..i 

>outh  Carolina  Avenue . '  From  7th  Street,  Ejist,  to 8th  Street,  East . 


1, 764.  49 
24, 994. 63 


8, 404. 90 
2, 154. 56 
3,  5t>9.  44 
3. 513. 12 
22, 204.  79 
2, 591.92 
17,9.V2.  76 
2, 183.  38 
37,221.94 
8, 919. 24 
10,  565.  16 
5, 157.  15 
25,  166.  60 
796.  23 


GEORGET  .WN. 

hr  Street . 

24  Street . 

Loii^ss  Street . 

Gay  Street . 

Greene  Street . 

Market  Street . 

Potomac  Street . 

Washington  Street . . . . 
West  Street . 


From  High  Street  to  Fayette  Street . 

From  High  Street  to  Fayette  Street . 

From  West  Street  to  Bridge  Street . 

From  Montgomery  Street  to  High  Street. 

From  West  Street  to  Bridge  Street . 

From  First  Street  to  Third  Street . ^ 

From  Bridge  Street  to  Second  Street - 1 

From  Bridge  Street  to  Gay  Street . | 

From  Washington  Street  to  High  Street  . 


.5,625.36 
4,297.72  I 
4, 862. 88 
5, 820. 62 
4,950.36 
2, 113.  47 

2. 964. 67 

1.921.67 
3,561.24  1 


630, 172.  80 


Rectangular  block;  in  bad  condition. 

Round  block;  from  New  Jersey  Avenue  to  7th  Street  re¬ 
quires  slight  repairs;  7th  to  14th,  in  bad  condition;  14th 
to  18th,  requires  slight  repairs. 

Round  block ;  in  bad  condition. 

Rectangular  block;  in  bad  condition. 

Rectangular  block;  in  bad  condition. 

Round  block  ;  in  good  condition. 

Rectangular  block;  in  bad  condition. 

Round  block  ;  requires  slight  repairs. 

Rectangular  block;  in  bad  condition. 

Rectangular  block ;  in  bad  condition. 

Rectangular  block;  in  bad  condition. 

Rectangular  block  ;  in  bad  condition. 

Rectangular  block;  in  bad  condition. 

Rectangular  block;  in  hjul  condition,  (south  side.) 
Rectangular  block;  in  bad  coiulition. 

Rectangular  block ;  in  bad  condition. 


Rectangular  block;  in  ba<l  condition. 
Rectangular  block ;  in  bad  condition. 
Rectangular  block;  in  bad  condition. 
Square  and  round  blocks;  in  bad  condition. 
Round  block ;  in  bad  condition. 

Round  block  ;  in  bad  condition. 
Rectangular  block;  in  bad  condition. 
Rectangular  block  ;  in  bad  condition. 
Rectangular  block;  in  bad  condition. 


Table  Xo.  6. — Schedule  of  Proposed  Improvements  for  Completion  of  sundry  Avenues  and  Streets  in  the  Cities  of  Washington 

and  Georgetown^  B.  C. 


Street  or  Avenue. 


Limits. 


Proposed  improvement. 


Estimated  cost. 


Gaual .  I  B  Street  to  M  Street,  South  . 

New  Jersey  Avenue . |  I  Street  to  M  Street,  South  . 


'^"Uh  Capitol  Street . I  B  Street  to  S  Street,  South . 

North  Capitol  Street . I  K  Street  to  Boundary^  North . 

M  North  .  New  York  Avenue  to  1st  Street,  East  . 

K'jfiudary  Street,  North . i  6th  Street,  West,  to  ‘2<l  Street,  East  . . . 

l>t  Street,  East . .  KTStreet  to  New  York  Avenue,  Nortli . . 

Delaware  Avenue .  H  Street  to  M  Street,  North . 

tr  Street,  North .  North  Capitol  Street  to  5th  Street,  East 


D  Street,  North . 

Street,  Georgetown .... 
hunbartou  St.,  Georgetown. . 

IVnusylvania  Avenue . 

I  Street . 

I'  til  Street,  AVest . 

<  Street,  South . 

h  Street,  North . 

I  North . 

P  di  Street,  West . 

!  Irh  Street,  AV^est . 

N  Sireet,  North . 

N  cnjiont  Avenue . 

V  ermont  Avenue . 

G  Street,  South . 

y  Street,  North . 

Jersey  Avenue . 

NVw  Hampshire  Avenue . 

N'^w  York  Avenue  . 

Street,  West . 

■4  Street,  East . 

'  ih  Street,  East . 

f  th  Street,  East . . 

I  >^treet,  North . 


Delaware  Avenue  to  2d  Street,  East . 

High  Street  to  Monroe  Street . 

Congress  Street  to  Washington  Street.. . 

Ist  Street  to  15th  Street . 

North  Capitol  Street  to  Ist  Street,  East . 

B  Street  to  Maryland  Avenue,  South . . 

9th  Street  to  13^  Street,  West . 

Vermont  Avenue  to  Pennsylvania,  Avenue,  West. 

17th  Street  to  Pennsylvania  Avenue,  West . 

P  Street  to  R  Street,  North . 

R  Street  to  Boundary,  North . . . 

22d  Street  to  23d  Street,  West . 

P  Street  to  R  Street,  West . 

R  Street  to  Boundary,  West . 

New  Jersey  Avenue  to  Ist  Street,  West . 

2d  Street  to  6th  Street,  East . 

N  Street  to  Boundary,  West . 

Q  Street  to  16th  Street,  Northwest . 

North  Capitol  Street  to  Boundary . 

M  Street  to  Massachusetts  Avenue,  North . 

Virginia  Avenue  to  M  street.  South . 

Penn.  Avenue  to  South  Carolina  Avenue,  South . . 

South  Carolina  Avenue  to  K  Street,  South . 

Maryland  Avenue,  East,  to  ‘id  Street,  East . 


^  irginia  Avenue,  South 


South  Capitol  Street  to  4th  Street,  East 


All  parts  of  Washington  and  Georgetown 


Grade  the  entire  width  of  street . 

Grade,  gravel,  and  sidewalks,  and  continuation  of 
main  sewer. 

Grade,  gravel,  and  sidewalk . 

Grade,  gravel,  and  sidewalk . 

Grade,  gravel,  and  sidewalk . 

Grade,  gravel  roadway,  and  sidewalk  on  south  side 
Grade,  611  over  six-foot  sewer  to  Boundary  Street. 

Grade . T . 

Grade,  and  sidewalks,  between  North  Capitol  Street 
and  Delaware  Avenue. 

Grade,  gravel,  and  sidewalks .  . . 

Gravel,  and  gutters . . . 

Grade,  gravel,  and  sidewalks . 

Relay  sidewalks . 

Relay  sidewalks . '. . 

Grade,  gravel,  and  sidewalks . 

Grade,  gravel,  and  sidewalks . 

Pave  with  asphaltum . 

Pave  with  asphaltum . 

Grade  and  concrete  carriageway . 

Grade  and  gravel  carriageway ' . 

Repair  gap  in  hlling . 

Grade  and  concrete  carriagew'ay . . 

Grade  and  macadam  carriageway' . 

Grade . . 

Grade . 

Grade,  gravel,  and  sidew'alks . 

Grade,  gavel,  and  sidew'alks  to  T  Street . 

Gra<le . 

Grade,  gravel,  and  sidewalks . 

Grade,  blue-rock  pavement  and  sidewalks . 

Complete  concrete  carriageway . 

Complete  macadam . 

Grading,  curbing  gutters,  footwalks,  and  gravel 
carriagew'ay. 

Curb,  gutters,  footwalk,  and  gravel  carriageway.. 
Repair  of  Tiber  arch  and  construction  of  overllow'. 

Construction  of  auxiliary  main  sewers . 

Extension  of  lateral  sewers . 


1 


$84, 145  60 
19,955  46 

29, 333  65 
12, 452  40 
12, 146  52 
12,729  m 
10,900  00 
6, ‘208  74 
5,511  66 

6,023  50 
2, 154  60 
2,608  20 
14,841  60 
397  95 
4,991  92 
9,487  51 
*27,943  *26 
17,748  00 
12,260  90 
5,752  92 
2,885  50 

16.871  .53 
21,606  85 
19, 9,50  00 

4,370  00 
16,417  89 
15,069  45 
18, 375  06 

14.871  11 
7, 700  73 
7,323  11 
6, ‘271  20 

10,(Xil  84 

11,4.56  48 
13,000  06 
400, 000  00 
30,000  00 


913,824  08 


*  16  feet,  width  of  railroad-traok,  deducted. 
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ESTIMATES  OF  RECEIPTS  AND  EXPENDITURES - DISTRICT  OF  COLUMBIA - ^APPENDIX. 


APPENDIX  B. 

Funded  Debt  and  Sinking-Fund. 

Office  of  the  Commissioners  of  the  SinkiJ^g-Fund, 

Washington^  D.  C.,  Noveinber  11,  1878. 

Sir:  I  have  the  honor  to  transmit  herewith  a  copy  of  an  estimate  for  interest,  and  sinking-fund,  for  the  funded  debt 
of  the  District  of  Columbia,  for  the  fiscal  year  ending  June  30,  1880;  also  a  copy  of  my  letter  enclosing  the  same  to  tlie 
Commissioners  of  the  District  of  Columbia. 

Very  respectfully  your  obedient  servant, 

Hon.  John  Sherman,  JAS.  GILFELLAN,  Treasurer  U.  8. 

Secretary  of  the  Treasury.  _ 


Office  of  the  Commissioners  of  the  Sinking-Fund, 

Washington^  D.  0.,  F^ovember  8,  1878. 

Gentleimen  :  I  have  the  honor  to  enclose  herewith  estimates  of  amounts  required  to  pay  interest  on  and  create  a 
sinking-fund  for  the  payment  of  the  funded  debt  of  the  District  of  Columbia,  for  the  fiscal  year  ending  June  30,  1880, 
amounting  to  $l,2vS4,145  37. 

The  first  two  items  of  $13,000  each,  in  the  estimate  for  sinking-fund  purposes,  are  required  by  law  to  be  set  apart 
annually  for  the  gradual  redemption  of  the  market  and  water-stock  bonds;  the  remaining  items  are  the  annual  amounts 
required  under  existing  laws  to  redeem  the  bonds  at  maturity,  and  are  estimated  as  if  the  sinking-fund  hail  been  originally 
created  and  invested  in  the  bonds. 

Very  respectfully, 

Hon.  Commissioners  of  the  District  of  Columbia.  JAS.  GILFILLAN,  Treasurer  JJ.  8. 


Estimates  of  appropriations  required  for  the  service  of  the  fiscal  year  ending  June  30, 1880,  by  the  Commissioner  of  the  Sinking- 

Fund  of  the  Distriet  of  Columbia. 


General  object,  (title  of  appropriation,)  and  details  and  explanations. 


GENERAL  EXPENSES,  DISTRICT  OF  COLUMBIA. 
Interest  on  Funded  Debt — 

$3, 905, 000  permaneiit-improveinent  6  per  cent,  bonds. 


Date  of  acts,  or  treaties,  providing  I 
for  the  expenditnre. 


1, 150,  000  funding-loan  6  per  cent  bonds. . 
600,000  funding-loan  0  per  cent,  bonds. 


July  10  and  Dec.  16,  1871. 


670,000  permanent-improvement  7  per  cent,  bonds.  ..  I 

150, 000  market-stock  7  per  cent,  bonds . ^ 

423,  000  water-stock  7  per  cent,  bonds . . 

53, 000  general  stock,  5  per  cent . I 

685, 000  general  stock,  6  per  cent . ! 

47, 500  canal  stock,  6  per  cent . . 

178,  300  general  stock,  6  per  cent . ^ 

20, 000  general  stock,  8  per  cent . 

20, 000  bounty  stock,  6  per  cent . j 

30,  000  market  stock,  6  per  cent . j 

281,750  funding-loan,  5  per  cent,  bonds . 

13, 743, 250  funding-loan  3.65  per  cent,  bonds . 

Sinking-Fund — 

Market-stock  bonds,  (for  gradual  redemption) . . 

Water-stock  bonds,  (for  gradual  redemption) . 


i  Assembly,  Dist.  of  Columbia, 
June  20,  1872. 

!  Assembly,  Dist.  of  Columbia, 
j  June  23  and  25, 1873. 

Assembly,  Dist.  of  Columbia, 
Aug.  23,  71 ;  June  19,  ’72. 

Assembly,  Dist.  of  Columbia, 
July  20,  ’71 ;  June  26,  ’73. 
I  Corporation  of  Washington, 
August  19,  1828. 

!  Corporation  of  Washington, 
I  October  25,  1843. 

Corporation  of  Washington, 
April  14,  1847. 

Corporation  of  Georgetown, 
I  Appropriated. 

Corporation  of  Georgetown, 
I  May  12,  1871.  . 

Corporation  of  Georgetown, 
September  24,  1864. 
j  Corporation  of  Georgetown, 
I  January  9,  1864. 


Congress,  June 20, 1874;  Feb¬ 
ruary  20,  1875. 


. . J  Assembly,  Dist.  of  Columbia, 

!  Aug.  23,  ’71 ;  June  19,  72. 

.  Assembly,  Dist.  of  Columbia, 

July  20,  71 ;  June  26,  ’73. 

Permanent-improvement  6  per  cent,  bonds,  (for  redemp-  j  Assembly,  Dist. of  Columbia, 
tion  at  maturity.)  *  Jnly  10,  1871. 

First  issue  of  permauent^improvement  7  per  cent,  bonds,  ,  Assembly,  Dist.  of  Columbia, 
(for  redemption  at  maturity.)  June  1873. 

Twenty-year  6  per  cent,  funding  bonds,  (for  redemption  |  Congress,  May  8,  1872 . . 

at  maturity.) 

Thirty-year  6  per  cent,  funding  bonds,  (for  redemption  at 
maturity.) 

Fifty-year  3.65  bonds,  (for  redemption  at  maturity). _ _ _ 


Assembly,  Dist.  of  Columbia, 
June  20,  1872. 


References  to  Stats. 

1  at  Large,  or  to  Ro- 
1  viseti  Statntes. 

!  Estimated  am’t 
required  for 
each  detailed 
object  of  ex-  | 
penditure.  1 

Total  amount  to  be 
appropriated  iiu- 
der  each  bead  of 
appropriation. 

j 

i 

1 . 

1 

1 

! 

$239,700 

00 

i 

! 

1 

86 

2 

1  69, 000 

00 

1 

. 

1  39,600 

00 

46, 900 

00  1 

i 

10, 500 

00 

1 

1 

1 

1  29, 610 

00 

I 

. . 1 . . 

1 

2,650 

00 

1 

41,100 

00 

1 

' . , 

2,850 

00 

1 

1 . i 

10, 698 

00 

1 

1 . 1 

. 

1, 600 

00 

1 

1 

i--l 

........ 

1,200 

00 

1 

. 1.. 

1,800 

00  J 

j  20  i 

208  ' 

1 

14,087 

50 

1  18  ! 

120  . 

501,628 

62 

1 

j  1 

t 

j 

$1,012,924  I 

1  1 

t 

i 

15, 000 

00  1 

1 

15,000 

00 

. ,  ■ 

101,509 

00 

. 

7, 055 

28 

17 

86  I 

2 

29,  ia3 

84 

. 

!  7,772 

27 

1  18  i 

120  L. 

95, 700 

86 

I 

1 

271, 221 

Total . 


1,284, 145  2 
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PREFACE. 


I  thought  first  of  presenting  the  following  contributions  to  the  science  of  Hydraulic  Engineer¬ 
ing  in  the  usual  form  of  a  plsiin  methodical  work  for  the  instruction  of  students.  But  certain 
objections  suggested  by  the  recollection  of  my  painful  experience  in  the  study  of  such  treatises 
inclined  me  to  give  it  to  them  in  a  composition  which  they  will  find  more  entertaining,  and  I  hope 
equally  instructive. 

It  is  usual  for  text-books,  and  espe(*ially  those  of  the  exact  sciences  for  the  use  of  schools,  to  be 
divested  of  all  the  adornments  of  fancy.  They  aim  at  conciseness  of  style,  and  smallness  of  bulk. 
Such  books  may  be  cheap  and  marketable,  but  they  are  exceedingly  dry  and  uninteresting  and 
they  are  difficult  to  understand  and  easily  forgotten.  Arithmetics,  Algebras,  Geometries,  and  the 
text-books  on  Civil  and  Military  Engineering,  and  Navigation,  and  even  treatises  on  the  most 
sublime  of  all  the  physical  sciences,  Anironomy^  used  in  our  Military  and  Naval  Academies,  and  all 
our  institutions  of  learning,  almost  without  an  exception  are  of  this  dry,  stony,  and  icy  character, 
utterly  devoid  of  every  tint  and  trait  of  beauty  which  can  attract  the  attention,  charm  the  imag¬ 
ination,  and  impress  the  memory.  When  I  was  a  youth  1  stinlied  Homer’s  Anatomy ;  and  the 
ludicrous  plainness  of  bis  descriptions  of  the  wonderful  details  of  the  material  tenement  of  the 
immortal  soul  amused  me.  But  why  should  not  a  book  descriptive  of  bones  be  ‘‘dry  as  a  bone”? 
And  what  room  for  “the  play  of  fancy”  is  there  in  a  treatise  on  “the  theory  of  curves”?  The 
writers  of  such  works  are  hardly  capable  of  giving  a  correct  answer,  for  they  are  usually  totally 
devoid  of  the  poetical  fiiculty,  as  the  imaginative  youths  who  are  forced  to  study  them  know  to 
their  sorrow.  It  is  generally  the  severest  toil  and  torture  of  their  ardent  young  lives;  and  through 
all  their  future  years  the  most  brilliant  geniuses  among  them  look  back  ui)on  the  ordeal  of  their 
mathematical  course  with  hoiTor.  The  fault  is  in  the  writers  of  the  text-books,  and  not  in  the 
noble  sciences  which  they  dissect,  skeletonize,  and  present  in  modes  the  most  ghastly  and  repulsive. 
The  disciples  of  Euclid,  Archimedes,  and  New  ton  might  make  their  books  a  little  more  pleasing  by 
a  few^  anecdotes  of  these  great  men  illustrating  their  discoveries,  and  by  adding  a  few  observations 
directing  attention  to  the  important  use.^to  which  their  sublime  problems  may  be  applied.  Elihu 
Burritt  has  WTitten  a  really  learned  and  agreeable  text-book  on  Astronomy.  Sir  Wilbam  Jones^ 
in  bis  treatise  on  “  Bailments,”  has  proven  how  interesting  one  of  the  very  dryest  of  all  the  sub¬ 
jects  of  the  common  and  statute  law  of  England  may  bo  rendered  by  a  writer  of  genius.  Eicherand 
made  the  study  of  human  physiology  attractive.  Cuvier  exhumed  the  fossil  bones  of  the  extinct 
mammalia,  and  robed  the  ancient  rocks  in  which  they  were  buried  before  “  the  flood  ”  with  the 
radiance  of  a  resurrected  world.  Fortunately  the  classic  historians  and  poets  of  ancient  Greece 
and  Eonie  are  yet  studied  as  text-books  in  our  academies  and  colleges;  and  the  boy  who  quickly 
forgets  all  that  he  learned  with  difficulty  of  “quadratic  equations”  and  “conic  sections”  will 
remember  forever  the  delightful  narratives  of  Caesar  and  Xenophon,  the  oiations  of  Cicero  and 
Demosthenes,  and  the  lays  of  Virgil  and  Homer. 

It  should  never  be  forgotten  by  those  who  write  books  which  they  intend  to  be  read  and 
remembereil,  that  all  minds  grasp  and  comprehend  most  easily,  and  aU  memories  retain  most 
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teuacioiisly,  wliat^^vor  is  most  exciting;  and  pletisiiig*  to  the  imagination.  This  must  be  my  excuse 
for  ^vhatev(‘r  of  tlm  i)oetry  of  scionee  may  appear  in  these  brief  lectures.  The  unpoetical  mathe¬ 
matician  wonhl  prefei- tlie.  subjects  embraced  by  them  presented  in  the  forms  of  skeletonized  dia¬ 
grams  and  problems  bristling  with  algebraic  signs,  and  geometric  angles,  tangents,  and  curves, 
lie  cannot  discern  the  beauty,  or  discover  the  use  of  “the  froth  and  foam  ^  and  the  bubbles  which 
glitter  with  luismatic  hues  ui>on  the  Mississippi’s  mammoth  tide,  and  he  looks  with  contempt  upon 
the  lilies  and  loli  which  sjmrkh*  uinm  the  bosoms  of  the  placid  lakes,  and  fails  to  see  the  gorgeous 
and  lovely  profusion  of  foliage  ami  tiow(‘rs  whi<‘h  wreathe  and  veil  their  banks  and  shores.  He 
tuefers  by  the  four  ruh*s  of  the  scienc(‘ of  numbers  to  estimate  the  cubic  im^hes  of  water  which 
they  contain,  or  the  precise  amount  of  the  mud  which  causes  their  turbidity  or  forms  their  deposits. 
J  admire  the  patient  toil  and  ustdid  taste  for  calculation  of  our  i»ractical  operative  mathematicians; 
and  1  am  exceedingly  anxious  to  see  them  engaged  in  the  useful  task  of  ai)plying  the  hydraulic 
plans  suggested  in  these  lecturers.  They  delight  in  making  all  the  estimates  of  the  cost  of  the 
materials  and  of  the  labor  which  their  apjdication  will  require  in  all  its  details,  and  wliich  I  have 
carefully  omitted.  ^My  object  has  been  to  give  plain  and  i)alpable  outlines  of  jdans  very  necessary 
for  our  welfare,  the  details  of  whi(‘h  any  practical  mathematician  can  supijly,  and  which  any  effi¬ 
cient  mechanic  can  execute  without  understanding  the  technical  terms  of  science. 

1  hav(^  another  benevolent  object  in  view  in  presenting  these*  important  and  easily  applieel 
jninci])les  of  hydianlics  in  the  simple  form  of  lectures,  tnecisely  as  1  delivered  them  in  New 
Oi  h*ans.  If  the  General  and  State  governments  of  our  country  shouhl  long  procrastinate,  or  neglect 
entirely  the  application  of  proper  plans  for  the  drainage  and  irrigation  of  our  public  alluvial  lands, 
ami  the*  i)revention  of  their  ovei  tlows,  in  many  instances  corporations  or  individuals  who  own  such 
lands  may  improve  them  without  the  aid  of  either  the  Federal  or  JState  government,  if  they  have 
tin*  ability  to  utilize  the  directions  1  have  given  them.  Althougli  they  may  not  be  able  to  remove 
the  obstructions  to  the  navigation  (d*  the  rivers  which  are  the  i>roperty  of  the  United  States,  and 
which  it  is  the  exclusive  duty  of  the  General  Government  to  improve,  individuals  have  the  right 
toinevent  the  inundation  of  their  own  lambs,  and  to  drain  and  iri  igate  them  if  th(‘y  have  the  power 
and  choose  to  exercise  it. 

The  science  of  Hydraulic  Ibigineering  as  apj>lied  to  the  control  of  water-currents  has  not  kept 
pace  with  the  march  of  this  age  of  progress,  and  but  few  additions  have  been  made  to  the  text¬ 
books  embracing  this  dei)artment  of  Civil  Engineering  which  were  taught  in  our  institutions  of 
(*arning  thirty  years  ago.  1  am  not  aware  that  any  of  them  written  l)efore  or  since  1S:32  teach  the 
])i’inciples  explained  in  these  lectures  which  I  here  present  as  a  few  contributions  to  assist  the 
luesent  and  future  labors  of  hydraulic  engineers.  1  hope  that  whatever  is  new  and  useful  in  them 
will  find  a  place  in  the  improved  works  which  at  no  distant  day  will  be  prepared  for  students,  and 
that  they  will  apply  it  in  improving  the  condition  of  our  country  and  other  lands. 

If  anyone  who  reads  these  essays  doubts  whether  the  principles  enunciated  and  the  rules 
given  to  direct  their  ai)plication  are  nothing  more  than  mere  untried  theories,  I  assure  the  skeptic 
that  I  have  tested  each  one  recommended  by  the  most  elaborate  and  careful  ex])eriments.  Some 
of  the  most  valuable  discoveries  were  made  while  I  was  making  expeiiments  to  apply  practically 
and  cheaply  the  principles  and  working  iilans  of  nature  in  utilizing  water  in  motion. 
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IMPRO^^ED  METHODS 

OF 

HYDRAULIC  ExNGINEERING, 

FOR 

CONTROLLING  AND  UTHJZING  WATER  CURRENTS, 


AND 

ITS  GENERAL  APPLICATION; 

A.lso,  its  specific  Mppliaiice— 

1st,  to  drainage  and  IRRIGATION; 

2d,  to  the  improvement  of  lakes  and  HARBORS:  AND, 

3d,  to  a  general  levee  system  connected  with  jetties,  to  (hve  permanence 
TO  banks  and  shores,  to  remove  bars,  shoals,  and  other  obstructions  to  navigation, 
AND  to  give  fixedness  TO  THE  BEDS  OF  RIVERS,  AND  SO  TO  DEEPEN  THEM  AS  TO  PREVENT 
OVERFLOWS. 


BY 


EWD.  F01SrT^I]N^E. 
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INTRODUCTORY  ESSAY 

ADDRESSED  TO  THE  PEOPLE  OF  THE  CITY  OF  NEW  ORLEANS,  LA. 

[Tlie  iiitrotluction  and  tlie  whole  of  the  subjects  embraced  in  this  pamphlet  were  delivered  by  invitation  to  the 
New  Orleans  Academy  of  Sciencf^s  in  three  lectures,  November  *27  and  December  4  and  11,  1877.] 


A  PLAN  FOR  DRAINING  THE  CITY  OF  NEW  ORLEANS,  AND  FOR  PREVENTING  ITS  INDN- 
DATION  BY  THE  LAKES  AND  THE  MISSISSIPPI  RIVER. 

The  greatest  obstruction  to  the  prosi>erity  of  New  Orleans  is  the  danger  to  the  lives  and 
property  of  its  citizens,  caused  by  tlie  inundations  and  epidemics  which  have  afflicted  it,  and  with 
which  it  is  continually  threatened.  The  great  river,  varying  in  width  from  a  half  mile  to  a  mile  in 
the  (iity,  flows  through  it  in  an  ever-changing  channel  caused  by  its  Titanic  current.  The  average 
dei)th  of  this  vast  volume  of  fresh  water  from  Baton  Rouge  to  “  the  l^isses^’  is  about  100  feet,  and 
its  mean  velocity  is  4  miles  per  hour.  Within  the  city  its  surface  at  the  lowest  stage  of  its  water- 
level  is  only  5  feet  above  that  of  the  Atlantic  Ocean,  the  Gulf  of  Mexico,  and  the  adjacent  lakes 
connected  with  it,  and  which  rise  and  fall  with  the  oscillations  of  its  tides  and  storms.  During  the 
Iieriod  of  its  greatest  floods  the  surface  of  the  river  is  elevated  about  15  feet  above  that  of  the 
Gulf.  The  extreme  variation  of  its  surface  level  is  about  10  feet.  Its  velocity  corresponds  exactly 
with  the  volume  of  its  water  or  the  oscillations  of  its  surface.  During  the  acme  of  its  flood  it 
flow  s  with  the  fearful  speed  of  5  miles  per  hour.  When  at  its  low  est  stage,  and  in  its  most  atten¬ 
uated  condition,  its  course  is  slackened  to  3  miles  per  hour.  Its  average  velocity  is  about  4  miles 
per  hour. 

A  peculiarity  of  the  current  of  the  Mississijipi  which  is  too  often  disregarded  by  those  who 
live  upon  its  banks,  and  by  the  engineers  who  attempt  to  secure  them  against  undermines  and 
overflow's,  is  the  alarming  fact  that  it  f  ows  as  swiftly  at  its  bottom,,  or  upon  the  deepest  depressions  of 
its  bed,,  as  it  does  upon  the  sides  of  its  crumbling  batiks^  or  at  its  surface !  Numerous  experiments 
made  by  the  most  competent  engineers  of  the  United  States  Army  have  demonstrated  this  singular 
fact.  Immense  icater-logged  trunks  of  trees  and  large  masses  of  tenacious  clay  have  been  found 
by  them  rolling  and  sliding  upon  the  bottom  of  the  river  in  the  channel  where  it  is  deepest,  and 
100  feet  below  the  surface  of  the  Uw//",  propelled  towards  it  by  this  gigantic  current  with  a  velocity 
equal  to  that  which  moves  the  light  driftwood  floating  upon  its  w  aves.  Sometimes  the  bottom  cur¬ 
rent  is  Ipirled  by  some  obstruction  to  the  top,  wiiere  it  swells  above  the  surface  level  and  rolls 
away  in  angiy^  eddies.  It  is  this  bottom  current,  acting  under  the  pressure  of  the  immense  d(‘pth 
and  weight  of  the  fluid-moving-mass  above  it  against  the  deep  sand  strata  underlying  the  layers 
of  clay  and  other  materials  which  compose  its  banks,  and  the  whole  alluvial  Delta,  which  causes 
all  the  disasters  of  crevasses,  inundations,  and  the  engulfing  of  plantations  and  human  abodes, 
and  which  continually  menaces  this  city  with  destruction.  One  of  the  most  distinguished  engi¬ 
neers  and  soldiers  w  hom  Louisiana  has  jiroduced,  General  G.  T.  Beauregard,  can  testify  that  he 
found  with  the  sounding  line  two  spots  directly  in  the  current  at  the  time  he  was  making  his 
observations  on  the  cross-sections  of  the  river  near  the  Third  District  Ferry,  each  240  feet  deep. 

The  cross-sections  marked  on  Harrison’s  maj)  of  the  city  in  1840,  in  the  Academy  of  Bciences, 
and  which  wsis  used  by  the  engineers  before  the  civil  war  as  the  best  topogiaphical  authority,  dem¬ 
onstrate  the’  same  appalling  truth  in  regard  to  the  tremendous  undermining  and  excavating  lorce 
of  the  bottom  current  of  the  Mississippi.  At  the  time  it  was  making  the  enormous  area  of  batture 
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between  Tchonpitoulas  street  and  Xew  Levee  street,  it  was  excavating  trenches  on  the  right  bank 
162  feet  deep,  and  filling  up  others  which  it  had  dug  out  under  the  left  bank,  now  covered  with 
great  blocks  of  buildings,  182^  feet  deep.  The  same  mammoth  force  is  now  undermining  a  mile  of  the 
Orescent  City  front  icith  the  bottom  current  deflected  against  it  by  the  diagonal  projection  of  the  peninsula 
of  Algiers, 

I  give  these  disagreeable  facts  in  regard  to  the  physi(*al  geography  of  the  foundation  of  Xew 
Orleans,  and  the  peculiarities  of  the  current  of  the  inaininoth  river,  which  trill  certainly  rearrange  all 
of  the  materials  irh  ich  compose  it^  unless  it  shall  be  controlled,,  in  order  that  the  absurdity  may  be  made 
obvious  of  building  superficial  levees,  wharves,  or  houses  upon  tlie  margin  of  the  siu'face  of  the 
water,  while  this  deep  and  terrific  bottom  current  is  left  uiH*lu‘cked  to  undermine  and  engulf  all  the 
vain  works  of  man  erected  upon  stratified  alluvium  in  which  no  rock  is  found  even  at  a  depth  of 
630  feet!  And  also  that  the  minds  of  those  most  interested  may  be  prei)ared  to  investigate  the 
merits  of  the  plan  proposed  in  this  essay  for  guarding  them  against  this  threatened  danger. 

I  will  mention,  in  order  to  show  that  this  danger  is  not  imaginary,  that  I  made  a  map  for  the 
Academy  of  Sciences  while  I  was  its  secretary,  and  lecturer  in  the  (‘hair  of  geology,  plotted  from 
the  boring  of  the  Artesian  well  in  Oanal  street,  between  Oarondolet  ami  Haronne,  made  in  18.j6, 
and  superin teiidiHl  and  accurately  reported  by  a  committee  of  the  most  competent  chejiiists  and 
geologists  of  that  institution,  which  is,  I  suppose,  yet  among  its  archiv(‘s,  an  examination  of  which 
will  show  that  the  foundation  of  New  Orleans  rests  upon  no  roch  for  at  least  636  feet;  but  that  the 
surface  of  the  river  flows  and  the  corner-stones  of  all  the  edifices  of  the  city  are  laid  above  57  strata 
of  the  most  fragile  and  friable  materials,  irregularly  distributed  by  the  alternating  and  conflicting 
currents  of  the  ancient  Mississippi  and  the  Gulf  of  Mexico,  ami  all  the  ui»p<‘T  layers  to  a  depth  of 
200  feet  have  been  rearranged  by  the  modern  rirer. 

In  a  lecture  on  the  Physical  Geography  of  the  Mississip])i,  appended  to  my  i)ublislied  work 
“How  the  World  was  Peoifled,”  and  the  notes  and  diagrams  added,  p.  330,  I  have  shown  how  the 
present  river  is  acting  its  part  as  “a  pigmy  in  giant’s  clothes’'  in  reai  ranging  the  dejmsits  made  by 
its  manimoth  ])redecessor  whicli  drained  the  great  mediterranean  sea  which  existed  after  the  glacial 
epoch  of  which  the  large  fresh- water  lakes  of  the  IJnittHl  Stat(\s  and  British  Americ^i  are  the  remains, 
and  wlii(3h  made  the  Delta  of  Louisiana.  I  have  discussed  this  subjeid  at  greater  length  in  a  lecture 
delivered  in  Washington  City  to  the  two  Houses  of  Congress,  April  30,  1874,  published  in  a  pamidi 
let,  on  “The  I’eculiarities  of  the  Physical  Geograi)hy  of  the  Mississippi  Biver  and  its  Delta,’' and 
the  methods  for  removing  the  obstructions  to  the  navigation  of  its  mouths. 

One  of  tlu*se  recent  laytns  was  so  uenrW  fluid  that  the  Art(*sian  auger  sunk  into  it  11  feet  by 
its  own  weiglit!  This  rest(‘d  upon  more  solid  mattn  ials,  bem‘ath  which,  and  330  feet  below  the  city, 
was  an  enormous  stratum  of  sand,  full  of  water  like  that  of  Bladon  Springs,  and  which  rose  above 
the  suiTace  in  an  Artesian  stream  at  the  rate  of  six  gallons  per  minute.  This  great  sand-layer  was 
140  feet  thick!  Underneath  it  were  other  strata  of  sand,  clay,  and  mingled  alluvial  materials, 
one  of  them  pure  clay  60  find  thick.  Yid  all  this  .stratifii‘d  alluvium  was  not  only  jmst-tertiary  but 
post  glacial  in  g(‘ological  age,  ami  so  rc^cemt  that  none  of  the  wood,  shells,  or  other  vegetable  and 
animal  matter  which  it  contained  was  petrified  or  fossilized  in  any  degree.  At  present  there  is 
no  human  device  in  operation  to  ]»revent  the  bottom  current  of  the  river  from  penetrating  and 
removing  the  whole  of  it,  and  sweeiung  it  into  the  Gulf  with  everything  ereettid  upon  it. 

In  several  lectures  on  the  cause  of  the  velocity  of  the  curnmt  of  the  Mississip])i  Biver,  and  the 
direction  of  the  great  currents  of  the  ocinin,  delivered  in  the  New  Orleans  Academy  of  Sciences,  I 
have,  for  the  sake  of  scientific  accuracy  in  the  nomenclature  of  physical  geography,  ternuMl  those 
whi(di  fall  from  the  e(iuator  towards  the  pol(\s,  liki*  the  Kui*o  Siwoo  or  Black  Current  of  the  Pacific, 
the  Madagascar  of  the  Indian,  and  the  Patagonian  and  Gulf  Streams  of  the  Atlantic  Oceans,  cen- 
tripetal ;  and  those  which  rise  from  the  i)oles  to  the  ecpuitor,  like  the  Labrador  and  Corean  from 
Davis’s  and  Behring’s  Straits,  centrifugal. 

While  the  great  river  thus  menaces  the  foundations  of  the  city  with  “sap  and  mine,”  the  com¬ 
bined  forces  of  the  cyclones  of  the  centripetal  ocean  current  called  the  Gulf  t>t ream the  salt 
waves  of  Lakes  Pontchartrain,  Maui'epas,  and  Borgne,  threaten  to  “carry  it  by  assault,”  and  sweep 
it  from  the  earth  with  wind  and  water  “mingling  in  their  might.” 
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I  do  not  like  to  be  a  prophet  of  evil,”  and  to  lacerate  the  sensibilities  of  our  afflicted  people 
with  woeful  Cassandriads  or  Jeremiads;  and  I  would  not  call  their  attention  to  another  enemy  whose 
fatal  attacks  are  more  dreaded  by  us  than  engulfment  by  the  river,  or  destruction  by  the  wings  of 
the  typhoon  and  the  waves  of  the  lakes,  if  I  did  not  at  the  same  time  i)resent  them  with  a  remedy 
to  secure  them. 

While  ‘Hhe  Great  Father  of  Waters”  rolls  through  our  city  his  fearful  but  yet  beneficent  sea 
of  living  and  purifying  water,  dispensing  health  and  wealth  to  all  who  will  utilize  his  power  and 
receive  his  gifts,  and  while  he  offers  his  services  to  irrigate  and  cleanse  our  city,  and  to  pour  into 
it  the  commerce  and  riches  of  all  lands,  threatening  at  the  same  time  to  scourge  it  if  his  proffered 
favors  are  spumed,  on  either  hand  be  dead  lakes,  bayous,  lagoons,  and  bogs  filled  with  stagnant 
and  fcBtid  fluid,  and  festering  w  ith  pollution.  Their  arms,  in  the  form  of  canals,  ditches,  and  open 
gutters,  green  with  scum,  and  mephitic  with  every  form  of  microscopic  animalcule,  or  vegetable 
algje  or  fungus,  whose  winged  eggs  or  invisible  seed-spores  ride  upon  the  wings  of  the  wind  to  spread 
malaria  and  death,  penetrate  every  part  of  the  city.  These  open  elongated  cesspools  are  the  swords 
entering  its  vitals.  All  the  filth  of  it  enters  them;  and  after  an  exposure  to  the  face  of  the  sun  to 
shock  all  human  eyes,  and  to  offend  all  nostrils,  its  rank  and  mephitic  odor  is  diffused  through  the 
air,  which  it  makes  deadly  with  cholera,  yeUow  fever,  and  all  the  forms  of  malarial  disease  which 
compounded  filth  can  generate  in  Serbonian  bog  or  Stygian  lake. 

Wise  men  are  guided  by  their  own  eyes,  and  follow  their  own  noses.  Our  Creator  has  given  us 
Twses  to  guide  us.  Whatever  offends  the  nose  warns  us  to  remove  it  or  get  away  from  it.  These 
open  gutters,  sluggish  canals,  and  stagnant  ditches  and  sUmy  ponds  are  disgusting  to  the  sight 
and  sickening  to  the  smell.  Their  evaporation  is  deadly  Avernian  fog.  They  ought  to  be  dried 
up,  or  piped  and  covered  under  ground,  to  be  seen  and  smelt  no  more.  They  are  the  principal 
sources  of  our  epidemics. 

I  repeat  emphatically  the  assertion  with  which  I  commenced  this  essay,  that  the  danger  to  the 
property  and  lives  of  our  citizens  caused  by  the  sudden  submergences  of  its  banks  by  the  perpetually 
shifting  and  undermining  bottom  current  of  the  Mississippi,  the  continually  recurring  inundations 
of  the  city  by  the  swells  of  the  lakes,  produced  by  the  cyclones  of  the  Gulf  of  Mexico,  and  the 
epidemic  fevers  generated  by  the  stagnant  water  and  undrained  pollution  of  its  site,  are  the  main 
obstacles  to  its  growth  and  prosperity.  Bad  government  has  lent  its  aid  to  these  destructive  agen¬ 
cies.  But  no  matter  what  beneficent  civil  revolutions  may  occur  in  our  city  and  State,  the  ruling 
powers  of  neither  can  escape  the  reproach  of  negligence,  parsimony,  stupidity,  a  disregard  of  the 
pubbc  weal,  and  whatever  else,  apart  from  theft,  robbery,  and  murder,  constitutes  had  government^ 
who  permit  these  obstacles  to  the  i)rosperity  of  New  Orleans  to  continue.  They  drive  thousands 
from  it  who  come  to  live  in  it.  Unable  to  endure  these  nuisances  and  perils,  they  leave  it  with  their 
famibes,  and  carry  their  capital  and  business  to  safer  and  more  pleasant  cities.  They  prevent  the 
settlement  of  hundreds  of  thousands  of  refined  and  inteUigent  people  and  the  investment  of  many 
miUions  of  doUars  in  New  Orleans.  They  give  all  the  most  enlightened  and  virtuous  citizens  who 
are  compelled  by  circumstances  to  live  in  it  an  aversion  to  their  abode.  They  cripple  or  destroy 
schools  and  churches,  as  well  as  manufactories  and  business  estabbshments  of  all  kinds.  No  intel¬ 
ligent  aiid  affectionate  parents  are  wilbng  to  live  and  labor,  educate  their  chbdren,  and  plant  their 
posterity  where  their  eyes  are  perpetually  haunted  with  hideous  rills  and  pools  of  filth,  and  their 
nostrils  filled  by  day  and  night  with  abominable  smells ;  and  where  they  and  their  offspring  are 
liable  at  any  time  to  die  of  some  form  of  fever  generated  by  foul  putrescence,  to  be  swallowed  by 
the  subteiTanean  cuiTent  of  the  Mississippi,  or  drowned  by  a  flood  from  Lake  Pontchartrain.  Thus 
the  fire  of  patriotism  is  quenched,  and  all  the  useful  and  magnificent  works  which  only  patriots 
perform  for  the  utibty  and  glory  of  the  homes  of  their  nativity  or  adoption  are  prevented.  But  few 
people,  whether  native  or  immigrant  citizens,  love  New  Orleans,  or  regard  it  as  their  permanent 
abode,  or  the  future  home  of  their  posterity.  The  most  of  her  residents  consider  it  as  a  temporary 
locum  tenendum^  and  a  place  only  to  be  occupied  while  the  necessity  endures  which  compels  them 
to  brave  its  nuisances  and  dangers.  They  are  determined  to  go  with  their  famibes,  as  soon  as  they 
can,  to  bve  and  die  in  some  cleaner  and  less  endangered  city.  ’ 
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The  plan  which  I  propose  for  abating  these  nuisances  and  removing  these  threatening  and  attack¬ 
ing  perils  would  effect  a  radical  metamoriiliosis  in  the  physical  condition  of  the  city,  and  a  change 
as  thoroughly  beneficent  in  the  sentiments,  morals,  character,  and  circumstances  of  its  inhabitants. 
It  would  transform  all  the  virtuous  and  intelligent  among  them  into  patriots  blessed  with  health 
and  prosperity,  willing  to  live  and  labor  for  a  home  which  they  would  love  as  their  only  cherished 
earthly  abode,  and  which  would  be  the  most  favored,  lovely,  and  magnificent  city  beneath  the  sky. 

Lake  Pontchartrain  must  not  be  used  for  the  drainage  of  the  city.  All  bayous  and  canals 
intersecting  it  must  be  separated  from  this  lake.  While  the  connection  between  them  exists  all 
drainage  plans  for  health  and  safety  from  overflows  will  be  worthless  and  perilous. 
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EK  MUZ  ESI  8; 

ITS  GENERAL  APPLICATION  TO  ALL  MARSHY  AND  OVERFLOWED  LANDS  INTERSECTED  BY  RUNNING 
WATER,  OR  NEAR  TO  NATURAL  OR  ARTIFICIAL  WATER-CURRENTS,  WHOSE  BOTTOMS  ARE 
LOWER  THAN  THE  BEDS  OF  THE  SWAMPS  AND  SHALLOW  LAKES  TO  BE  DRAINED, 

AND  ITS  SPECIFIC  APPLIANCE  TO  THE  DRAINAGE  AND  WATER-SUPPLY  OF 
THE  CITY  OF  NEW  ORLEANS  AND  THE  SWAMP-LANDS  OF  LOUISIANA. 
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DRAINAGE  AND  IRRIGATION. 


I  present  this  connected  plan,  consisting  of  three  parts,  as  a  whole  system  which  is  constructed 
to  suit  the  future  extension  of  New  Orleans.  Portions  of  each  of  these  three  parts  ought  to  be 
applied  immediately.  The  rest  may  be  utilized  as  the  expansion  of  the  area  of  the  city  may 
demand  it. 

First.  The  drainage  of  the  citj’  and  the  malarious  marshes  near  it,  and  their  irrigation  after  their 
desiccation. 

Second.  Its  protection  against  inundations  from  the  lakes,  and  the  improvement  of  Lake 
Pontchartrain  for  the  objects  of  health,  commerce,  and  pleasure. 

Third.  The  prevention  of  the  destruction  of  property  by  the  shifting  of  the  channel  of  the  ^lissis- 
sippi  Eiver,  the  undermining  action  of  its  current  causing  the  submergence  of  its  banks  with  all 
the  superficial  levees  and  structures  erected  upon  them,  and  the  gaps  and  crevasses  through  which 
its  waters  at  flood-tide  rush  in  destructive  toiTents  over  the  plantations  of  its  valley. 

The  whole  cost  of  the  drainage  of  New  Orleans  on  both  sides  of  the  river  hy  the  Bonnet  Carr6 
and  Gretna  aqueducts  and  their  sewers  will  be  less  than  $2,500,000,  if  the  whole  work  is  done 
honestly  and  faithfully. 

While  I  ask  you  to  fix  your  minds  upon  the  whole  of  this  hydraulic  plan,  which  ought  to  be 
executed  as  a  whole^  unrautilated  by  auy  work  upon  either  of  its  parts  which  might  mar  its  unity, 
I  will  now  present  a  brief  elaboration  of  its  three  separate  portions.  I  can  only  gi\  e,  without  being 
tedious,  its  distinct  and  intelligible  outlines,  leaving  the  details  of  the  work  to  be  prepared  by  the 
engineers  who  will  have  the  labor  and  honor  of  its  mechanical  execution.  After  mastering  these 
outlines  and  the  few  new  principles  involved,  and  whose  application  is  necessary  for  its  successful 
completion,  each  part  of  it  will  be  found  so  simple  that  but  little  genius  or  talent  will  be  necessary 
to  enable  any  honest  and  energetic  engineer  to  execute  the  whole  plan. 

I  hope  your  minds  will  not  be  confused  by  a  view  of  the  magnitude  and  cost  of  this  plan  in  its 
unity  as  it  will  appear  to  the  imagination.  Oidy  a  part  of  it  will  be  constructed  at  the  expense  of 
the  city,  which  is  the  first  part  on  drainage  within  the  city  by  two  canals  with  aqueducts.  The 
pipes  for  drainage  into  these  aqueducts  necessary  now  ought  to  be  laid  as  soon  as  possible ;  but 
the  most  of  them  presented  on  the  maps  of  the  complete  plan  may  be  added  successively,  year  after 
year,  as  the  future  growth  of  New  Orleans  may  demand  their  use.  The  drainage  and  desiccation 
of  the  marsh  and  swamp  lauds  ought  to  be  performed  at  the  expense  of  the  whole  State  of  Louisiana, 
because  she  owns  these  overflowed  and  worthless  bogs,  and  slie  alone  ought  to  pay  for  their  improve¬ 
ment.  All  the  improvements  suggested  and  explained  in  the  second  and  third  parts,  and  which 
refer  to  Lake  Pontchartrain  and  the  Mississippi  Kiver,  should  be  done  by  the  Government  of  the 
United  States,  in  which  alone  is  vested  th6  title  of  these  public  waterways  of  commerce. 

THE  DRAINAGE  OF  THE  CITY  OF  NEW  ORLEANS  AND  ITS  ENVIRONS,  AND  THE  IRRIGATION  OP 

THE  RECLAIMED  AND  DESICCATED  I^IARSHES. 

To  make  this  complete,  in  view  of  its  ftiture  extension,  and  to  secure  its  health,  and  especially 
its  exemption  from  diseases  caused  by  local  malaria,  in  its  present  condition,  the  drainage  should 
include  all  its  environs,  embracing  the  peninsula  of  Algiers,  and  all  the  area  lying  between  the 
Mississippi  Eiver  and  Lakes  Maurepas,  Pontchartrain,  and  Borgne,  with  their  connecting  waters, 
about  400  square  miles  in  extent,  as  speedily  as  it  can  be  applied.  I  recommend  the  construction  of 
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a  canalraqmduct  without  locTcs^  30  feet  wide,  27  feet  deep,  and  36  miles  long,  taken  out  of  the  Missis¬ 
sippi  Eiver  at  Bonnet  Carr6  Bend,  and  turned  into  it  again  a  short  distance  above  the  ^N'oyes  Canal 
near  the  upper  curve  of  the  English  Turn ;  and  another  of  the  same  size,  and  6J  miles  long,  across 
the  neck  of  the  peninsula  of  Algiers,  from  Gretna  to  a  point  below  the  English  Turn,  each  outlet  to 
enter  the  river  at  an  angle  less  than  45^  to  the  general  direction.  I  suggest  the  depth  of  27  feet  in 
order  that  the  bottom  of  the  aqueduct  may  be  below  the  beds  of  all  the  bayous,  lagoons,  and  other 
stiignant  waters  and  marsh  lands  intended  to  be  drained,  and  also  that  the  mouths  of  the  largest 
sewers  may  be  covered  entirely  by  the  running  water  of  the  aqueduct.  The  water-level  in  the 
aqueduct  must  at  all  times  be  higher  than  the  tops  of  the  sewers  in  order  that  the  suction  by  the 
attraction  of  cohesion  of  the  fluid  in  the  sewers  by  the  larger  volume  of  ninning  water  in  the  aque. 
ducts  flow  ing  at  an  angle  of  from  lip  to  45o  in  contact  with  their  openings  may  be  complete.  The 
same  rule  must  be  observed  w’here  the  sew^erage  is  run  into  natural  streams.  Unless  the  proper 
angulation  is  observed  the  drainage  will  not  be  efficient.  If  the  dei>th  of  27  feet  is  not  sufficient  to 
cover  the  mouths  of  the  large  c^dindrical  sewers,  the  fiqiieducts  must  be  made  deeper,  or  the  mouths 
of  the  sewers  must  be  widened  and  flattened.  The  depth  of  the  aqueducts  must  be  measured,  not 
from  the  natural  surface,  but  from  a  line  from  the  heads  to  the  mouths  drawn  above  the  highest 
water-level  of  the  river.  For  our  present  use,  and  for  that  of  our  successors  for  twenty  years  prob' 
ably^  these  dimensions  will  be  sufficient.  In  consideration  of  our  financial  depression,  they  may  be 
constructed  of  wood,  and  they  should  not  be  used  for  any  other  puiqmse  than  that  of  drainage. 
They  will  last,  and  serve  for  that  use  only,  and  possibly  be  sufficient  to  accomplish  the  sanatory 
and  other  beneficial  objects,  for  the  fifth  part  of  a  century.  But  if  before  that  brief  period  shall 
elapse,  the  growth  and  necessity  of  the  city  shall  require  it,  the  whole  aqueducts  will  be  enlarged ; 
and  others  may  be  used  for  manufiictoriea,  irrigation,  the  supply  of  fire  and  other  engines,  and  many 
other  useful  purposes.  Various  parallel  aqueducts,  separated  from  those  made  to  convey  the  sew  ¬ 
erage  of  the  city,  may  be  drawn  from  the  same  inexhaustible  source,  and  conducted  to  the  same 
safe  and  ample  outlet,  and  confined  in  walls  of  iron,  glazed  pottery,  or  other  costly  and  permanent 
materials  such  as  the  necessities  of  5,000,000  of  people  may  demand,  and  which  their  wealth  and 
taste  will  enable  them  to  construct. 

With  such  a  contingency  as  the  necessity  of  future  extension  presented  to  us,  in  surveying  the 
ground  for  our  x)reseut  humble  work,  provision  should  be  mjvde  for  the  expansion  which  our  more 
prosperous  and  powerful  successors  may  give  it.  Therefore  the  breadth  of  an  acre  of  land,  or  210 
feet,  on  each  side  of  the  canals,  for  the  whole  length  of  their  course,  should  be  reserved  uncumbered 
by  buildings,  and  unfettered  by  any  x)rivate  or  other  legal  rights  which  might  x^revent  the  enlarge¬ 
ment  of  the  work  to  meet  the  demands  of  our  multix>lied  x>osterity. 

The  modest  wooden  structures  proposed  will  be  amply  sufficient  for  our  present  wants,  and  will 
tax  sufficiently  our  dexfleted  resources.  Between  the  two  x)oiuts  on  the  river  selected  for  the  inlet  and 
outlet  of  the  canal  for  the  left  bank  in  wffiich  the  wooden  aqueduct  is  to  be  built,  the  distance  by 
the  mid-hanlcs  channel  of  the  serpentine  course  of  the  Mississippi  is  46  miles.  By  the  proposed  canal 
the  distance  is  only  36  miles.  By  this  saving  of  ten  miles  the  principle  of  the  cut-off*”  between 
bends,  or  greater  fall  and  velocity  of  current,  is  secured.  (See  Plate  IV,  Diagrams  4,  5,  and  6.) 
The  planking  with  which  the  aqueduct  is  to  be  lined  will  run  parallel  with  its  course  to  avoid  fric¬ 
tion  or  any  resistance  to  the  rapid  flow  of  the  water.  The  bottom  of  the  aqueduct  must  be  dug  entirely 
below  the  bottom  of  the  Saint  John  Bayou,  or  that  of  the  deex)est  tributary  of  the  lakes  which  it  will 
drain,  and  about  eight  feet  below  the  lowest- water  line  of  the  Mississippi  Eiver,  during  the  most  at¬ 
tenuated  stage.  It  must  be  dug  its  whole  distance  below  the  lowest  water-level  of  the  river,  and  also 
somewhat  below  the  surface  of  the  lakes,  in  order  that  there  may  be  always  in  it  a  depth  of  from  8  to  15 
feet  of  swiftly-running  water.  At  proper  intervals,  about  a  quarter  of  a  mile  apart,  spaces  must  be 
X^repared  and  properly  marked  for  the  insertion  in  the  sides  and  on  a  level  with  the  bottom  of  the 
aqueduct  of  the  main  sewers.  The  size  and  number  of  these  will  depend  upon  the  area  necessary 
to  be  drained,  and  they  can  be  constructed,  and  inserted  successively  as  the  necessity  for  their  use 
shall  arise.  At  least  six  of  them  are  necessary  now  to  diain  the  filth  of  the  city  and  the  contiguous 
marshes,  and  as  many  more  should  be  constructed,  to  desiccate  the  swamps  nearest  to  it,  as  its 
finances  will  permit.  In  order  that  they  may  perform  their  work  well,  all  the  pipes  and  sewers 
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must  be  made  to  enter  the  canals  and  each  other  at  angles  of  from  11^^  to  45^  qcith  the  direction  of 
the  course  and  current  of  the  water.  A  greater  angle  than  45^  will  i)revent  their  most  efficient 
action.  The  main  sewers  should  rest  upon  the  bottom  of  the  aqueduct,  and  their  inner  rims  must 
be  shaped  to  fit  the  inner  surface  of  it;  but  no  parts  of  the  i)ipe8  or  sewer-emls  should  fail  to  reach 
the  inside  surface  touched  by  the  water  of  the  bottom  current,  and  they  should  not  project  into  it. 
If  properly  constructed  the  ekmuzesw  will  be  complete.  The  bottom  current  of  the  larger  body  of 
water  in  the  aqueduct  passing  rapidly  by  the  mouths  of  the  sewers,  by  the  attraction  of  coheawn  will 
mck  out  all  the  fluid  they  convey  in  contact  with  it.  I  recommend  that  the  mouths  of  all  these 
sewers  be  made  of  pottery,  glazed  on  the  inside,  and  crooked  and  shaped  at  the  proper  angle  for 
insertion  at  the  time 'they  are  moulded.  All  of  their  larger  sections  should  be  made  of  the  same 
material. 

The  openings  in  these  sections  should  all  heangulaicdon  the  same  principle^  as  we  are  taught  by 
the  venous  circulation  of  our  blood,  which  is  the  reverse  of  that  of  the  arterial.  The  contraction  of 
the  heart  propels  the  blood  through  the  great  arteries  into  the  smaller,  and  dittuses  it  by  i>ropulsion 
throughout  the  Imdy  and  into  the  little  veins ;  but  it  is  returned  by  them  to  the  heart  by  stiction.  The 
little  veins  run  into  the  greater  at  various  angles,  and  discharge  their  blood  into  the  venw  cavwy  or 
larger  sangtiiducts,  which  finally  pour  it  into  the  right  auricle  of  the  heart.  I  hope  this  principle 
and  this  rule  of  angulation  will  be  observed  in  the  construction  of  the  entire  sewerage  and  drainage 
of  this  city,  and  in  the  course  of  time  of  the  whole  Delta  and  of  all  other  swampy  areas.  The  bot¬ 
toms  of  the  canals  should  be  cut  low  to  give  all  the  sewers  and  the  smaller  i)ipes  a  sufficient  fall, 
which  ought  to  be  carefully  observed  by  the  engineers  who  place  them  in  position.  Perpendicular 
tubes  may  be  dropped  into  them  from  all  necessary  points  and  covered  by  grating  or  sieves  of  iron 
to  strain  the  trash  and  drain  the  surface  rain-water  into  the  canals.  But  in  the  construction  of  all 
the  underground  sewerage  the  principle  of  the  vena  cava  should  be  observed.  This  is  ekmuzesis, 
and  if  it  shall  be  wisely  followed  every  particle  of  the  noxious  and  offensive  filth  of  this  city  will  be 
easily  and  harmlessly  discharged  by  the  aqueducts  into  our  grand  mra,  the  Father  ofWaters,” 
which  will  pour  it  into  the  abyss  of  the  great  heart  of  our  commerce — ^the  Mexican  Gulf. 

Our  language  is  already  so  overburdened  with  useless  wwds,  many  of  them  synonyms^  while  the 
most  of  them  are  insignificant,  and  the  whole  worthless  addition  to  our  mother  tongue  mainly  the 
work  of  shallow-minded  pedants  who  make  it  year  after  year  more  difficult  to  be  read,  spoken,  or 
understood,  that  an  apology  is  due  to  the  whole  world  by  the  man  who  ventures  to  give  a  new  word 
to  our  cumbrous  dictionary.  Ekmuzesis  is  the  only  word  I  ever  coined.  I  invented  it,  not  because  it 
is  a  thundering  Greek  derivative,  from  eA*,  out  of,  and  muzeo^  to  suck,  which  in  a  scientific  controversy, 
and  especially  in  a  metaphysical  contest  such  as  theological  disputants  sometimes  wage  furiously, 
is  said  to  be  worth  a  thousand  arguments,  but  for  the  reason  that  I  could  find  no  word  in  our  lan¬ 
guage  which  properly  designates  the  application  of  the  principle  of  nature  by  which  fluids  flowing 
in  large  channels,  by  the  attraction  of  cohesion  suck  out  and  blend  with  their  currents  those  which 
are  brought  into  contact  with  them  through  smaller  ducts.  The  phrase  sucking  ouV"*  is  rather 
rough  and  awkward,  and  I  therefore  prefer  my  sole  coinage,  and  only  offense  to  my  native  language, 
ekmuzesis^  which  expresses  the  idea  as  well;  but  for  the  use  of  which  I  beg  ptirdon  of  all  who  read, 
write,  or  speak  it. 

I  am  afraid,  while  I  describe  the  beautiful  invention  of  ekmuzesis^  that  you  may  overlook  the 
important  fact  that  the  efficiency  of  the  plan  of  drainage  I  recommend  does  not  depend  upon  the 
successful  application  of  this  useful  scientific  discovery.  The  whole  plan  of  drainage  was  elaborated 
before  I  made  it.  The  leading  idea  of  the  whole  plan  is  to  drain  the  noxious  fluids  of  the  city  and 
the  contiguous  marsh  lands  into  deep  canals  enclosing  well-constructed  aqueducts  to  prevent  these  cut-offs^ 
which  will  he  shorter  and  swifter  than  the  river  curving  around  the  bends^  from  enlarging  and  making 
new  river-beds.  These  deep  aqueducts  are  to  be  taken  out  of  the  deep  current  of  the  river  and  turned 
again  into  its  depths  by  a  shorter  route  than  the  natural  serpentine  course  of  its  waters ;  and  all  the 
mouths  of  the  sewers  intended  far  low  marsh-drainage  must  descend  to  the  level  of  the  bottom  currents  of 
these  canals^  which  they  must  be  made  to  reach  by  properly  graduated  falls. 

In  every  instance  the  mouth  of  the  sewer  must  be  entirely  covered  by  the  water  in  the  aqueduct, 
bayou,  or  river  into  which  it  enters,  in  order  that  the  cohesion  of  the  fluids  and  the  suction  of  the 
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smaller  by  the  larger  body  in  motion  may  be  complete.  The  larger  body  will  always  draw  the 
smaller  along  with  it  if  the  discharging-pipes  or  sewers  are  angulated  properly  from  lljo  to  less 
than  450.  At  less  or  greater  angles  they  will  work  badly  or  not  at  all. 

TherCj  at  their  points  of  contact  with  the  a(]uediicts,  their  contents  must  be  discharged  into 
them  either  by  ekmuzesis  or  by  some  other  mechanical  contrivance. 

It  was  while  seeking  for  the  simplest,  the  most  efficient,  and  above  all  other  considerations  the 
cheapest  device^  that  I  made  the  discovery  of  ek/mizesis,  I  had  studied  the  plans  of  various  draining- 
machines  and  steam-pumps  for  transferring  the  contents  of  our  vile  cesspools,  Augean  stables,  and 
chartered  Stygian  and  deatli-dealing  ca)mls  into  a  purifying  aqueduct  of  living  and  bfe-saving  water ; 
and  after  revolving  in  my  mind  the  known  and  many  untried  windmills  and  steam-drainers^  I  found 
them  all  either  too  expensive,  or  unreliable  contrivances  which  would  not  work  during  the  raging 
of  a  cyclone,  when  a  deluge  is  falling  from  the  sky,  and  when  Pontchartrain,  lashed  into  fury  by 
tlie  wings  of  the  tempest,  threatens  to  overwhelm  the  city  with  its  waves.  When  we  want  these 
tricky  servants^  especially  our  draining-canals  and  draining-machines,  to  work  the  hardest  and  fastest 
to  save  us,  the  steamers  stop  work  or  desert  their  posts  in  despair,  and  the  canals  ‘^join  the  enemy 
and  swell  the  forces  of  the  invading  flood.  They,  and  all  the  devices  hitherto  used,  seemed  to  my 
mind  as  impotent  to  protect  us  against  the  combined  powers  of  the  typhoons  and  lakes  as  the 
much-used  and  much-abused  broom  of  the  sage  Dame  Partington  to  sweep  the  swelling  Atlantic 
from  her  cottage  floor.  I  then  invented  a  simple  water-wheel  to  be  revolved  by  the  current  of  the 
canal,  and  which  would  work  a  powerful  pump  by  night  and  day,  and  in  a  tempest  as  well  as  in 
the  calmest  weather — a  cheap  wooden  contrivance,  which  would  only  require  one  hand  to  grease 
it  and  keep  it  in  order,  and  which  would  perform  its  labor  even  without  grease  or  any  attendance, 
and  work  the  hardest  and  fastest  when  the  water  is  the  highest.  Six  of  these  inexpensive  machines, 
which  consume  nothing,  and  which  are  almost  self-acting  and  self-supporting,  stationed  at  the 
mouths  of  the  main  sewers,  a  quarter  of  a  mile  apart,  to  discharge  their  contents,  are  cheap  enough 
for  any  reasonably  economical  plan  of  drainage ;  and  I  cordially  recommend  them  to  all  those  who 
cannot  grasp  a  new  idea  and  who  cannot  comprehend  the  utility  of  a  new  device  until  some  bolder 
spirit  uses  it  successfully. 

Here  with  these  water-wheels,  simple  as  the  flutter-mills  made  by  little  mountain  boys,  and 
placed  upon  the  rills  of  their  native  glens,  I  might  have  closed  my  drainage  plan.  But  in  view 
of  the  diminished  resources  of  our  city  and  State  I  concluded  to  devise  something  even  cheaper 
than  my  little  “flutter- wheels”;  and  as  you  know  that  “  necessity  is  the  mother  of  invention,”  I  can 
say  with  truth  that  the  poverty  of  New  Orleans,  and  the  stern  necessity  tor  rigid  economy  which 
oppresses  our  whole  State,  is  the  mother  of  ekmuzesis, 

lEEIGATION. 

(See  Plate  IV,  Diagram  4.) 

It  is  easy  to  see  how  the  same  aqueducts  constructed  for  drainage  may  be  used  for  irrigating 
the  bogs  and  marsh  lands  they  desiccate.  The  Mississippi,  and  the  bayous  leading  from  it,  bke 
the  Atchafalaya,  Lafourche,  and  others ;  and  its  great  affluents,  like  the  lied  and  Arkansas,  and 
all  the  smaller  tributaries,  during  their  periods  of  flood  have  their  water-levels  high  above  the  sur¬ 
faces  of  the  cultivated  fields  which  they  intersect.  If  these  fields  lie  near  their  banks,  and  if  their 
channels  are  prevented  from  shifting  by  jetties  properly  angulated  to  give  permanency  to  their  beds, 
the  sewers  and  subsoil  ditches  may  be  conducted  at  proper  angles  directly  into  their  deep  bottom 
currents.  I  only  recommend  the  use  of  aqueducts  where  the  swamps  to  be  drained  are  remote  from 
the  running  rivers  and  bayous  or  where  these  streams  are  unrestrained  and  shift  their  banks,  and 
in  their  unbridled  condition  would  fill  the  sewer-mouths  with  mud  or  wash  them  away.  But 
superfleial  irri gating-ditches  should  be  run  directly  above  the  suhsoit drainers  into  the  plats  of  ground 
needing  irrigation  during  the  droughts  of  May  and  June,  when  the  flood  is  at  its  height.  When 
the  water  they  convey  from  the  top  currents  to  the  fields  and  gardens  has  irrigated  them  sufficiently, 
through  openings  into  the  sewers  it  can  all  be  returned  by  ekmuzesis  into  the  aqueducts ;  and  all  the 
expense  of  draining-machines  may  be  obviated. 


Digitized  by  AiGOOle 


SCIENCE  OF  HYDRFALIC  ENGINEERING. 


17 


This  plan  is  so  8iini)le,  and  will  effect  the  drainajre  of  all  the  marsh  lands  of  oiir  State  so 
cheaply,  and  render  them  so  exceedingly  valuable,  that  it  is  the  duty  of  our  representatives  to  stop 
their  sale  immediately  at  tln^  low  juice  now  fixed  as  their  value,  and  use  the  whole  valuable  and 
easily  reclaimable  area  to  j)ay  our  State  debt,  and  at  no  distan  t  day  to  so  lease  them  as  to  provide 
for  the  expense  of  the  State  gov(*rnment  and  the  sui)])ort  of  oijr  schools,  and  at  the  same  time  to 
exemj>t  the  jjcojde  of  Louisiana  from  all  State  taxation. 

That  this  is  entirely  i)racticable  is  made  evident  by  the  following  facts:  There  are  9,500  square 
miles  of  overflowed  lands,  nearly  all  of  which  belong  to  the  State  of  Louisiana.  Of  this  area  5,200 
scpiare  miles  are  sea-marshes  and  trembling  juairies  overflowed  by  salt  water  during  storms  on 
the  Gulf.  Much  of  this  area  can  be  reclaimed  by  elmiizcsis  where  the  deej)  river  and  its  outlets 
run  near  it  into  the  Gulf.  The  rest  can  only  be  reclaimed  by  the  means  used  by  the  Dutch,  or 
appliances  similar  to  those  by  which  that  energetic  nation  has  conquered  so  large  a  jmrtion  of  Hol¬ 
land  from  the  sea.  But  the  State  owns  about  4,, ‘100  square  miles  of  fresh*  water,  wooded  8wami)s, 
easily  drained.  Four  hundred  square  miles  of  this  State  land  lie  near  this  city  and  its  immediate 
commercial  waterways.  Each  acre,  of  the  250,000  acres,  if  reclaimed,  would  juoduce  from  one  to 
three  hogsheads  of  sugar.  Even  if  the  whole  were  sold  for  only  $100  j>er  acre  it  wouhl  yield 
$25,000,000,  and  double  the  amount  of  the  State  debt,  which  is  about  $12,500,000.  The  rest  of 
the  3,900  square  miles  could  certainly  be  leased  on  such  terms  as  to  exerajit  our  jieojde  from  all 
taxation. 

Areas  of  these  overflowed  lands  can  be  successively  drained  by  the  State  and  brought  into  the 
market  as  the  necessity  for  raising  funds  to  endow  a  system  of  State  education,  or  to  rejilenisli  the 
State  treasury  for  any  j)urj)ose  whatever,  may  arise.  An  act  of  the  legislature  should  be  i)romj)tly 
imsstnl  prohibit hig  their  sale  at  present.  If  it  is  not,  as  soon  as  capitalists  discover  how  easily  and 
cheaply  they  can  be  drained,  individuals  and  laud-rings  will  be  ajit  to  secure  them;  and  they  will 
be  bought  for  j)ur])oses  of  sj)eculation,  and  our  jiosterity  will  be  dej)rived  of  their  incalculable 
benetits.  Such  reckless,  golden-eiig-goose-ripping  legislation  has  cliaracterize<l  our  State  and  Federal 
Governments  since  their  origin.  A  greater  wrong  to  our  descendants  could  scarcely  be  conceived 
by  selflsh  and  cunning  covetousness,  or  be  peri)etrated  by  cold-hearted  stut)idity  and  corruption 
combine<l.  The  only  argument  for  its  continued  criminality  is  that  these  lands  are  worthless  as 
they  are,  and  that  it  is  better  to  sell  them  to  j)rivate  individuals  and  let  them  be  cultivated  in  rice, 
sugar,  cotton,  and  fruit,  or  to  be  used  as  imi)roved  pastures  for  flocks  and  herds,  than  to  lie  idle  as 
reed-inarshes  and  cypress-swamj)s.  This  is  not  so.  Much  of  our  marsh  lands  is  owned  by  weulthy 
corporations  and  i)rivate  individuals.  Their  successful  experiments  in  draining  them  by  this 
method,  or  those  maile  by  the  State,  will  make  all  such  lands,  whether  i)ublic  or  juivate,  rise  in 
value.  Let  speculators  buy  and  sell  their  own.  The  State  should  be  in  no  haste  to  rob  the  future, 
and  to  squander  the  inhentance  of  her  children.  But  it  is  said  that  our  legislators  eannot  be  pre¬ 
vented  from  j)assing  such  disastrous  laws.  If  this  is  tnie  then  we  have  reached  the  nadir  of  corruj)- 
tion,  and  cannot  And  wise  and  virtuous  rei)resentatives  to  make  our  laws.  We  do  not  deserve  to 
be  land-owners,  ov  free  mm ;  and  are  too  stupid  and  corrupt  to  govern  ourselves,  which  I  am 
unwilling  yet  to  believe. 

When  I  reflect  how  the  problem  of  subsistence  for  the  multiplying  miliions  of  our  race  has  jier- 
I)lexed  wise  and  benevolent  jmlitical  economists,  who  have  not  been  able  to  devise  any  jirovision  for 
einjdoying  and  feeding  the  vast  multitudes  of  India,  China,  and  other  densely -peopled  countries  as 
they  will  inevitably  increase  in  the  near  future  without  the  intervention  of  the  destructive  agencies 
of  ])estilence  and  war,  and  how  it  solved  by  this  discovery^  I  am  overwhelmed  with  wonder  and 
gratitude  in  view  of  the  grandeur  of  the  beneiicent  results  which  will  flow  from  its  certain  ajqdication. 
The  im])overi8hed  myriads  of  the  inhabitants  of  the  marshy  valleys  of  the  Yanktsekiang,  Uoang-ho, 
Cambodia,  Ganges,  and  Indus  w  ill  not  perish  nor  migrate  for  the  w  ant  of  lands  to  cultivate.  Every 
uiitillable  and  uninhabitable  bog  and  jungle  can  be  reclaimed  and  transformed  into  the  most  prolific 
soil,  to  furnish  abundant  food  for  ten  times  the  number  of  jieople  w  ho  now  live  iiimn  their  alluvium. 
Every  quagmire  of  the  Danube,  the  I*o,  the  Amazon,  the  Orinoco,  and  their  tributaries,  and  all  the 
great  rivers  of  Africa,  in  the  course  of  time  will  be  dried  and  sanified  by  it.  There  is  not  a  marshy 
region  of  the  eart  h  through  which  a  (  anal  of  running  water  ('an  be  carried  w  hich  w  ill  not  be  ivclaimexl 
3  H  E 
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by  it  when  the  wants  of  a  dense  population  shall  demand  it.  The  same  aqueducts  for  draining 
and  drying  the  marsh  lands  will  also  be  used  in  periods  of  drought  for  their  irrigation.  Ordinary 
ditches,  leading  from  them  when  they  are  full  of  water,  or  simple  water-wheels  when  their  currents 
are  below  the  levels  of  the  fields,  orchards,  and  gardens,  will  supply  tliem  with  moisture  when  rain 
is  wanted ;  and  all  the  wasted  water  will  be  returned  into  the  aqueducts  by  ekmnzeHiH, 

This  system  of  drainage  and  irrigation  by  the  same  sinqile  contrivances  will  give  a  healthy 
and  ample  circulation  of  water  to  every  river- valley  independent  of  any  supply  from  the  clouds, 
and  even  enrich  the  sands  of  Sahara,  and  the  great  deserts  of  Asia  and  Americta,  and  all  the  sterile 
regions  intersected  by  such  rivers  a>s  the  Nile,  the  Itio  Grande,  and  the  Colorado  of  the  Great  Basin. 
It  will  work  as  efficiently  to  nourish  and  cleanse  the  soil  of  our  mother  earth  as  the  circulation  of 
the  blood  by  the  aiteries  and  veins  supplies  the  human  body  with  fluid,  and  purifies  it  from  its 
stagnated  and  unhealthy  exc  ess.  I  know  that  we  cannot  fix  any  limit  to  the  inventive  power  of  the 
human  mind,  and  I  dare  not  assert  that  a  better  plan  of  drainage  and  irrigation  may  not  be  invented 
by  some  genius  to  whom  the  future  may  give  birth,  but  I  will  say  that  no  mmle  so  simple,  cheap, 
practical,  and  efleetive  has  yet  been  planned  in  the  present  era  or  in  ])ast  ages;  and  I  cannot  con¬ 
ceive  how^  it  can  be  improved  in  any  future  period  of  time,  unless  a  better  plan  for  the  circulation 
of  the  blood  can  be  discovered  tlmii  that  which  Eternal  Wisdom  has  created,  and  of  which  this 
hydraulic  system  is  an  humble  human  imitation.  It  is  but  a  copy  of  ‘‘nature’s  model,”  and  the 
application  of  nature’s  hydraulic  system — the  wisest  and  best,  because  it  is  the  work  of  God  alone, 
whom  it  is  our  duty  to  worship  and  imitate. 

This  plan  will  drain  every  lake,  swamp,  or  marsh  intersected  by  an  aciueduct,  or  by  a  river  or 
running  bayou  whose  bottom  current  is  lower  than  the  bed  of  such  shallow  waters  and  marsh  lands 
as  need  desiccation.  By  the  same  cheap  and  simple  method  all  such  sjads  may  be  irrigated  after 
drainage  without  the  aid  of  machinery,  by  surface  dit(;hes,  when  the  water  in  the  aqueducts  or  nat¬ 
ural  streams  are  filled  by  the  spring  rains,  and  flow  with  surface  levels  above  those  of  the  lands 
near  them.  All  the  alluvial  lands  of  the  Mississippi,  and  other  rivers  with  which  I  am  acquaintetl, 
answer  these  conditions,  and  need  these  im])rovements.  There  are  no  cities  whose  plans  of  drainage 
may  not  be  greatly  imi)roved  by  the  proper  a)>plication  of  these  piinciples,  and  especially  the 
ekmnzem^  dependent  upon  the  proper  angulation  of  sewers  and  draining-pii)es. 

When  it  is  necessary  to  drain  swamps  into  bays  like  the  Delaware  and  Chesapeake,  which  have 
tides,  and  which  have  to  be  utilized  in  consequence  of  the  impossibility  of  making  the  culverts  or 
sewers  reach  the  direct  onward  flowing  ocean  currents,  as  rej)resented  by  Diagram  3,  Plate  VII,  the 
drainage  must  be  etfected  by  forking  the  outlets  of  them  as  in  Diagram  4,  Plate  VII. 

The  Tiber  Creek  and  other  sewers  might  be  made  on  this  principle  to  drain  the  flats  of  Wash¬ 
ington  City  into  the  Potomac.  While  the  general  direction  of  the  sewer  near  its  mouth  should  be 
at  right  angles  to  the  (‘ourse  of  the  river,  it  should  be  Ibrketl  into  divisions  each  of  the  same  size, 
and  equal  in  capacity  to  the  main  sewer.  They  should  enter  the  bottom  currents  of  the  river  at 
angles  of  about  22^°,  and  be  at  all  times  covered  by  the  water  of  the  river,  so  as  to  expose  the 
two  diverged  mouths  alternately  to  the  suction  of  the  ebbing  and  flowing  tide.  When  the  tide  is 
flowing  up  the  river  the  mouth  (a)  will  be  idle,  but  the  mouth  (b)  will  receive  the  ekmuzesis  of  the 
ascending  tide  and  pour  the  contents  of  the  sewer  into  it.  When  it  ebbs  this  upper  mouth  (b)  will 
be  calm,  and  the  lower  mouth  (a)  will  be  sucked  by  the  outflow,  and  discharge  vigorously  its  filthy 
waters  into  the  ocean-bound  river.  (See  Diagram  4,  Plate  V.) 

This  plan  may  be  ajiplied  successfully  to  the  drainage  of  the  Kidwell  flats,  and  all  marsh¬ 
lands  situated  upon  tide  water  creeks,  inlets,  gulfs,  and  bays.  But  their  tidal  currents  must  be  first 
utilized  so  as  to  give  fixedness  to  the  channel-beds  and  permanency  to  the  shores  by'the  applica¬ 
tion  of  the  method  for  utilizing  ebbing  and  flowing  or  tidal  currents,  illustrated  by  Diagram  9, 
Plate  III. 

The  mouths  of  the  sewers  must  always  be  covered  by  the  water  into  which  they  discharge  their 
contents,  in  order  that  they  may  receive  the  full  force  of  the  suction  of  the  attraction  of  cohesion, 
and  also  to  prevent  their  mephitic  matter  from  tainting  the  air. 
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PART  II. 


THE  IMPROVEMENT  OF  LAKE  PONTCHAETRAIN. 


The  health  and  commercial  prosperity  of  all  the  Delta  of  Louisiana,  north  of  the  Mississippi 
River,  and  below  Baton  Rouge,  depend  upon  the  reopening  of  Bayou  Manchac.  The  deepening  of 
the  two  entrances  to  the  Gulf,  Chef  Menteur  and  the  Rigolets,  and  a  lake  harbor,  all  deep  enough 
to  admit  ocean  vessels  of  a  large  draught  through  the  Mississippi  Sound  to  New  Orleans  and  to 
Baton  Rouge,  can  only  be  effected  by  the  improvements  planned  in  this  essay  for  this  bayou  and 
Lakes  Maurepas  and  Pontchartrain.  The  overflows  of  the  lower  coast  and  of  the  whole  Delta 
will  be  i)revente4l  if  a  proper  system  of  levees,  protected  by  angulated  jetties  connected  with  them, 
is  applied — the  jetties  always  to  be  constructed  above  the  caving  banks  to  deflect  the  bottom  cnr 
rent  of  the  river  from  them,  and  to  deposit  batture  against  them.  Without  tliese  improvements 
for  this  bayou  and  these  lakes  and  their  outlets,  no  plan  for  the  sanatory  and  commercial  welfare  of 
New  Orleans  will  be  complete.  The  cost  of  the  whole  plan  will  be  less  than  $1,000,000. 

This  beautiful  lake,  although  it  lies  within  the  limits  of  the  State  of  Louisiana,  is,  I  suppose, 
the  property  of  the  United  States  by  the  same  title  which  gives  it  the  ownership  of  the  Mississipi)i 
River.  The  cession  of  Louisiana  to  the  United  States  by  France  conveyed  with  it  this  great  river 
and  all  its  na\igable  tributaries,  and  the  lakes  connected  with  it  and  the  Gub  of  ^lexico,  which 
are  waterways  of  commerce.  These  ‘‘public  highways and  commercial  avenues,  in  which  all  the 
people  of  the  United  States  are  interested,  have  never  been  relinquished  by  the  General  Govern¬ 
ment  to  this  State.  As  the  ownership  of  this  lake  and  its  connections  with  the  grc^at  river  and  the 
sea  is  vested  in  the  United  States,  it  is  the  duty  of  its  Congress,  for  the  “general  welfare”  of  the 
people,  to  make  all  the  improvements  which  the  necessities  of  commerce  and  other  objects  of  i)nblic 
utility  require.  National  justice  demands  that  this  should  be  done  for  this  river  and  lake,  and  lor 
all  the  avenues  of  travel  and  traffic  leading  to  New  Orleans,  with  the  same  liberality  and  for  tln^ 
same  objects  as  a])propriations  of  the  public  money  have  been  made  for  the  inq)rovement  of  the 
harbors  of  Boston  and  New  York.  Even  if  the  city  of  New  Orleans  oV  the  State  of  Louisiana 
were  in  a  con4lition  to  undertake  the  work  of  hydraulic  engineering  necessary  to  be  aj>plie4l,  ami 
which  our  highest  interests  so  urgently  demand,  the  consent  of  the  Government  of  the  Unite4l 
States  through  an  act  of  Congress  would  liave  to  be  obtained.  Even  in  the  application  ot  th(‘  |)lan 
of  drainage  which  I  have  recommended,  and  which  the  health  and  commercial  ])rosperity  of  New 
Orleans  require  the  city  to  execute  immediately,  such  an  act  of  Congress  may  have  to  be  obtained. 
To  make  the  drainage  of  it  efiFective,  the  Bayou  Saint  John  and  the  canals  and  basins  4>f  stagnant 
water  should  be  drained. 

1  have  been  informed  by  some  of  our  most  eminent  lawyers  that  the  right  of  luoperty  in  the 
Bayou  Saint  John  is  clearly  vested  in  the  United  States.  At  the  period  of  the  purchase  4)f  Louis¬ 
iana  from  France  this  bayou  was  an  important  commercial  waterway;  and  when  New  Orleans  was 
a  fortified  village  it  was  considered  indispensable  to  its  prosperity,  but  now  that  it  has  grown  to 
be  a  great  city,  it  has  become  a  nuisance  and  an  offensive  generator  of  malaria.  If  an  act  of  Con 
gress  is  necessary  it  ought  to  be  obtained  immediately,  in  order  that  this  stinking  cesspool  may  be 
draine4l  and  dried  as  »soon  as  possible,  and  its  bed  transformed  into  streets  and  lots  for  buildings 
and  gardens.  All  the  other  receptacles  of  filth  and  putrid  water,  the  canals  and  basins  within  the 
city  and  its  environs,  ought  to  be  destroyed  and  their  commerc.e  transferred  to  the  shore  of  the 
lake  and  to  the  lines  of  railroads  terminating  at  its  wharves.  The  city  authorities  should  lose  no 
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time  in  abating  these  nuisances,  wliich  are  the  ])rineipal  causes  of  our  epidemics  and  mal^al  dis¬ 
eases,  and,  as  such,  the  main  hindrances  to  the  growtii  and  prosperity  of  this  metropolis.  If  our 
representatives  in  Congress  will  do  their  duty,  it  will  not  be  impossible,  or  even  difficult,  to  get 
.the  General  Government,  of  which  as  the  reiuesentatives  of  the  people  of  Louisiana  they  form  a 
part,  to  make  all  the  appropriations  of  money  ne^*essary  to  improve  I  ake  Pontchartrain  and  its 
necessary  connections  with  the  Mississippi  River  and  the  Gulf.  It  is  certainly  the  duty  of  the 
United  States  to  do  this. 


THE  IMPROVEMENT  OF  LAKE  PONTCHARTRAIN. 

In  1814  this  lake  received  a  very  large  supply  of  fiesh  water  dii*ectly  fh)m  the  Mississippi 
River  through  the  Bayou  ]\Ianchac.  This  bayou  left  the  river  opposite  Manchac  Pointy  about  12 
miles  below  Baton  Rouge,  and  after  coursing  along  near  the  high  and  beautiful  hills  which  are  the 
escarpments  of  the  fertile  alluvial  “blutf-formation,”  u])on  the  plateau  of  which  are  built  Natchez, 
Vicksburg,  Memphis,  and  other  fim^  cities,  it  discharged  its  muddy  waters  into  Lake  Maurepas, 
distant  from  its  head  on  the  Mississippi  on  an  air  line  about  82  miles.  But  it  reached  its  mouth  in 
this  lovely  lake  after  meandering  at  least  a  hundred  miles  through  recently  formed  alluvial  lamls 
of  inexhaustible  fertility,  and  near  the  more  elevated  plateau  of  the  blurt-foiTiiation  crowned  with 
grand  primeval  forests  of  bee(*h,  magnolia,  and  all  the  finest  trees  of  the  southern  woods,  and 
dotted  with  the  multiplying  settlements  of  thrifty  planters.  On  its  course  it  received  the  waters 
of  the  pure  and  bold  Amite,  which  ri.ses  in  the  pine  forests  growing  upon  the  barren  sands  and 
pebbles  of  the  glacial  drift  which  supimrts  all  the  vast  pit<*h  or  long  leafed  ])ine  woods  of  the  South, 
which  peculiar  soil  of  variable  depth  overlies  all  the  lower  surface-depressions  of  the  tertiary,  and 
furnishes  the  exclusive  food  of  this  valuable  tree,  which  does  not  grow  indigenously  upon  the  ter¬ 
tiary,  or  any  ohler  formation  which  “crops  out”  through  this  diluvial  ‘^orange  sand”  depo.sit. 
This  water-worn  ami  discoloixMl  detritus  of  the  post  tei*tiary  glai'ial  fiood  which  poured  over  North 
America  from  tlie  Arctic  Ocean  is  wi(h4y  strown  ovei-  all  the  Gulf  States,  and  (‘overs  all  the 
upland  areas  of  Mississipj)!,  Louisiana,  Alabama,  and  parts  of  Texas,  Arkansas,  VVe^t  Tennes«ee^ 
and  Florida,  no  matter  what  may  be  the  deiiude<l  formations  lying  immediately  beneath  it.  But  it 
is  the  general  nurface  of  the  tertiary  formation  of  the  Gulf  States,  and  the  only  laml  upon  which 
the  forests  of  the  long-leafed  i)ine  are  found.  The  Amite  and  its  numerous  tributaries  flow  out  of 
these  pine  lands  and  through  tin*  far  more  fertile  bliitt-formation  uimii  whicdi  no  long-leafed  or 
other  June  grows  spontaneously.  This  is  a  recent  depo.sit  which  orcrlicH  the  glacial  drift.  It  was 
formed  by  a  local  deluge  or  the  drainage  of  one  of  those  post-glacial  s(*as,  such  as  existed  upon  all 
the  continents,  and  were  drained  in  a  subseipient  epoch,  and  either  synchronously  or  successively 
in  times  not  very  distant  from  our  present  era.  The  particular  fresh  water  sea,  whose  drainage 
formed  the  Delta  of  Louisiana. and  much  of  the  fiat  cojist-lands  of  Texas,  and  all  the  bluff-forma¬ 
tion  of  the  States  of  the  valley  south  of  the  Ohio  River,  existed  between  the  Rocky  Mountains 
and  the  Appalachian  chains,  and  the  older  connected  and  denuded  sedimentary  rocks  of  the  Ozark 
and  Cumberland,  which  before  their  disruption  and  severame  formed  the  southern  shore  of  this 
mediterranean  sea,  whose  northern  limits,  penetrated  by  the  McKenzie  and  other  Arctic  rivers, 
have  not  been  explored,  It  w  as  ct*i*tainly  drained  by  the  Mississippi  River,  which,  after  tumbling 
for  ages  over  a  great  w^ater-fall  above  Cairo,  w  hose  marks  are  seen  upon  the  lofty  cliffs  on  both 
banks,  cut  its  w  ay  up  towards  the  up]H*r  i)art  of  the  rim  of  this  great  sea  by  a  process  of  erosion 
similar  to  that  by  w^hich  the  Niagara  is  tren(*Jiing  its  chasm  tow^ards  the  depths  of  Lake  Erie  at 
Buffalo,  where  it«  falls  will  inevitably  disa]»i>ear,  and  with  them  Lake  hhie  will  also  vanish  and 
destroy  Lake  Ontario,  and  transform  the  Gulf  of  Saint  Lawrence  into  a  delta,  and  exhibit  all  the 
phenomena  on  a  smaller  scale  displayed  in  the  Mississi])pi  Valley  wiien  the  great  sea,  whose 
remains  are  the  lakes  Superior  and  others  left  in  the  deepest  depressions  of  its  bed,  poured  its  waters 
and  their  w  recks  into  the  Gulf  of  Mexico  at  Baton  Rouge,  and  formed  the  vast  area  of  the  coast- 
lands  and  swamps  of  Louisiana,  and  the  high  plateau  of  alluvial  bluffs,  crowned  with  rich  plan¬ 
tations  and  magnolia  forests. 

But  this  digression  is  more  suitable  to  a  geological  dissertation  than  to  an  essay  on  hydraulic 
engineering  for  the  improvement  of  Lake  Pontchartrain.  I  would  not  have  made  it  if  it  were  not 
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written  to  bereuil  by  uienilM*rs  of  Academies  of  Sciences,  as  well  as  l)y  illiterate  engineers  and  i)oli- 
ticiaiis.  I  will  say  no  more  in  regard  to  tlie  ])liysi(*al  geography  of  this  lake  and  its  ])rincii)al 
aftluents  through  Lake  Maiireiais,  excej>t  that  fJtt'se  lales  and  Haijon  M a nchac  are.the  shrunken  remains 
of  the  most  edstern  and  northern  mouth  of  the  many  mouths  of  this  me<liteiTaiiean-sea  ri\  t‘r  when  it 
flowed  in  the  zenith  of  its  grandeur,  and  entered  the  Gulf  from  the  Sabine  to  Pearl  Kivei’  by  him 
dreds  of  embouchures,  some  of  them  wide  as  Vermillion  and  Barrataria  Rays,  and  the  whole  volume 
of  fresh  but  angry  water,  a  humlred  mih‘s  wide  ami  (>()()  feet  deep,  rushing  from  Cairo  to  the  sea, 
presented  the  appalling  s[K*ctacle  of  a  river  (iomjiared  with  whose  gigantic  size  and  strength  the 
inaguiticeiit  Amazon  in  the  jieriods  of  its  grandest  floods  is  but  a  [uguiy  rivulet.  In  ISU,  ages 
after  the  drainage  of  this  sea  had  been  etfected  through  these  great  mouths,  and  such  climatic 
changes  had  occurred  that  the  mammoths  and  many  of  their  pachyderiuatous  associates  died,  the 
Mississipi)i  pined  and  withereil  away,  until  it  could  no  longm*  fill  its  great  southern  mouths,  and 
jireserve  the  vast  delta  it  hail  thrust  into  the  Gulf  a  humlred  miles  beyond  the  present  shore  of 
Louisiana.  It  at  length  became  too  feeble  to  force  its  way  into  the  Vermillion,  and  the  other  mouths 
it  had  made  in  the  days  of  its  manhood’s  jmme  when  it  filled  up  the  whole  alluvial  area  with  logs, 
brush,  sand,  and  mud,  and  all  the  materials  of  the  lands  its  ilehige  had  engnlfed  from  the  mediter¬ 
ranean  sea  to  the  ocean.  It  could  not  flow  in  its  tVebleness  through  these  wood-bound  barriers 
which  it  had  buried,  in  the  iflenitude  of  its  strength,  several  hundred  feet  deep.  It  was  corn] jelled  to 
leave  its  direct  southern  course  from  the  pole  to  the  eipiatoi’,  at  Raton  Rouge,  and  flow  through  its 
northeastern  mouths  carved  through  the  yielding  tertiary  sands  and  marly  clays.  Only  a  few 
little  remnants,  of  its  ancient  channels,  much  obstructed  by  logs  and  buried  wrecks  of  all  kinds, 
were  occuiued  by  the  Atchafalaya  and  smaller  bayous  leading  from  its  right  bank  to  the  rmnnants  of 
its  mouths  in  the  Gulf,  where  all  its  delta  has  long  been  abandoned  to  the  erosive  action  of  the  tropi¬ 
cal  Gulf-Slream  current,  which  has  swe])t  away  more  than  half  of  its  original  formation,  and  low¬ 
ered  the  Mississippi  to  its  present  level. 

It  is  now  faintly  and  vainly  struggling  to  extend  its  alluvium  far  out  of  its  noruial  direction  to  the 
east.  In  1814  Bayou  Manchac  was  the  sole  representative  of  its  ancient  northeastern  outlet.  It  was 
then  and  is  now  a  very  necessary  carrier  for  the  luoilucts  of  the  fertile  “blufl*  ”  plantations  at  whose 
base  it  flows,  receiving  the  Amite  which  intersects  the  prolific  plateau;  and  it  is  also  much  needed 
for  the  commerce  of  the  rich  alluvial  lands  which  for  a  hundred  miles  line  its  banks.  When  Gen¬ 
eral  Jackson  came  from  Tennessee,  in  December,  1814,  to  defend  New  Orleans  against  the  tbrmidable 
force  sent  by  Great  Britain  to  capture  it,  and  to  comjner  ami  hold  with  it  the  whole  valhw  of  the 
Mississippi  to  connect  it  with  her  West  Indian  and  Canadian  i»ossessions,  he  found  Bayou  Manchac  a 
deej)  and  broad  navigable  stream,  which  the  British  had  thoroughly  sounded,'and  through  which  they 
had  determined  to  jiass  gunboats  drawing  from  7  to  113  feet  wat(*r,  to  cut  ofl* his  supplies  from  Kentucky 
and  Tennessee,  and  attack  him  in  the  rear,  ami  closely  besiege  him,  encircled  in  the  city  by  their  naval 
and  land  forces  without  the  possibility  of  his  relief.  This  womlerful  man  luul  never  heard  anything 
about  mattresses^  or  caissons.  I  doubt  whether  he  understood  the  definition  of  a  dozen  technical 

terms  of  military  or  civil  engineering,  and  I  am  sure  that  he  knew  nothing  that  any  books  could 
have  taught  of  hydraulics.  8uch  things  had  not  penetrated  the  pine  woods  of  the  Carolinas,  nor 
the  wild  woods  and  canebrakes  of  Tenmvssee  and  the  Creek  Nation,  where  he  had  spent  his  life 
before  he  came  to  defend  this  recently -formed  semi-aquatic  spot  of  earth  against  the  most  thoroughly 
educated  and  the  bravest  and  best  disciplined  troojjs  in  the  Old  World,  and  who  had  just  (*omiucred 
the  Old  World’s  conqueror.  lie  had  read  no  books  on  hydraulic  engineering.  He  needed  no  infor¬ 
mation  which  they  could  give  him.  He  had  seen  axes  fell  trees,  and  he  had  seen  the  beavers  cut  them 
down  with  their  teeth,  and  make  dams  with  them  which  would  guide  the  course  of  rivms,  or  obstruct 
their  channels  entirely  with  .scientific  works  which  no  floods  could  remove.  He  had  the  divine  gift  of 
genius,  and  the  rare  but  invaluable  talent  of  common  sense,  and  with  the  faculty  to  learn  from 
observation  and  experience,  and  guided  by  the  unerring  instinct  of  the  beavers,  the  pcrtect  hydra idic 
engineers  of  the  God  of  nature,  he  blockaded  Bayou  Manchac  with  trees  and  heaver  If  rush  work  so 
effectually  that  he  rendered  it  useless  to  the  British,  and,  unfortunately,  to  the  plantms  and  mer¬ 
chants  also.  In  fact  he  almost  obliterated  that  mouth  of  the  old  Missi.ssippi  from  the  face  of  the 
earth.  By  his  original  feat  of  hydraulic  engineering  he  rendered  abortive  the  British  naval  victory 
on  the  lake,  and  he  saved  New^  Orleans;  but  the  efl'ect  of  his  successful  work  has  bemi  tor  sixty- 
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three  years  most  injurious  to  the  commerce  and  health  of  the  residents  near  the  bayou  and  its  tribu¬ 
taries,  and  around  the  shores  of  Lakes  Maurepas  and  rontchai-train,  and  it  has  been  very  detri¬ 
mental  to  the  city  of  New  Orleans. 

Before  General  Jackson  closed  it,  a  large  volume  of  fresh  running  water  was  discharged  by  it 
into  Lake  Pontchartrain.  This  had  been  thoroughly  clarificsl  by  its  jiassage  through  Lake  Maure¬ 
pas.  After  winding  around  Jones’s  Island  it  flowed  into  Lake  Pontcharlrain  at  the  (JicM  taw  Vil¬ 
lage  by  a  single  mouth.  The  volume  of  [mre  water  from  it  so  tilled  the  lake  that  it  gave  it  a  strong 
current  toward  the  east  along  its  shores,  quickening  the  currents  of  the  Tangi]>ahoa  aii<l  Tcliefnn<*Jee 
Eivers,  and  of  the  navigable  Bayous  Lacombe,  Vincent,  Saint  John,  and  all  the  smaller  streams  em])- 
tying  into  it;  and  at  the  same  time,  while  adding  to  the  health  of  its  shores  by  improving  their  nat¬ 
ural  drainage,  it  deepened  the  outlets  of  the  lake  to  the  Gulf  through  the  i)asses  Chef  Menteur  and 
the  Kigolets. 

The  first  improvement  1  would  suggest  for  Lake  Pontcliaitrain  is,  to  reopen  Boyon  Mauehae^ 
and  to  utilize  it  for  irrigation,  drainage,  navigation,  and  all  the  beneficent  uses  to  which  run¬ 
ning  water  can  be  a]>plied.  As  it  was  closed  by  the  United  States,  whose  power  was  skillfully 
but  arbitrarily  wielded  by  the  greatest  of  its  generals,  the  damage  of  more  than  half  of  a  century, 
and  which  it  is  difficult  to  estimate,  ought  to  be  i)romptly  and  liberally  rejiaired  at  its  cost. 

The  next  improvement  I  recommend  is  to  utilize  the  Bonnet  Carre  ever (Oftte, 

The  cause  of  the  opening  of  this  crevasse  was  the  ehmng  of  the  Bayou  Manchac.  Whenever  a 
natural  outlet  for  the  relief  of  the  flood  water  of  the  Mississippi  is  closed,  the  overburdened  volume 
will  relieve  itself  by  a  crevasse  which  it  W’ill  burst  through  some  weak  i)oint  in  its  natural  or  arti¬ 
ficial  banks.  It  generally  selects  some  caving  bend  the  nearest  to  the  outlet  or  mouth  of  the  chan¬ 
nel  which  has  been  rashly  closed  in  opposition  to  the  law  of  its  natural  hydraulic,  system,  and  which 
the  wis<lom  of  the  ancient  aboriginal  mound-builders  ami  agriculturists  of  its  valley  taught  them 
to  regard  with  sacred  veneration.  Instead  of  closing  these  safety-valves  for  the  escape  of  the  food- 
waters^  in  order  to  save  themselves  from  inundation,  as  some  thoughtless  engineers  a<lvise  us  to 
do  in  regard  to  the  Atchafalaya,  Lafourche,  Plaquemim*s,  Yazoo  l*ass,  and  others,  they  cait  fully 
opened  them  all,  as  did  the  ancient  Egyjdians  to  control  and  utilize  the  floods  of  the  Nile.  Acting 
upon  the  hints  which  bountiful  Nature  had  given  them,  and  guided  by  its  wise  and  beneficent  <lirec- 
tions,  they  not  only  enlarged,  deeijened,  guided,  and  carefully  leveed  all  these  natural  outlets,  but 
constructed  many  others  for  the  various  useful  purposes  of  navigation,  drainage,  and  irrigation. 
No  physical  geographer  with  ordinary  capacity  for  observation  can  doubt  this  who  will  carefully 
examine  the  vast  net  work  of  bayous  eonnectiiig  the  Mississippi  and  the  Yazoo,  and  si‘e  the  i>ow- 
erful  levees  they  built  yet  standing  covered  with  the  tumuli  and  all  the  remains  of  the  extinct 
millions  of  this  enlightened  but  vanished  race,  abundant  as  those  which  were  constructed  by  the 
subjects  of  the  ancient  Pharaohs,  and  which  gave  to  the  Yazoo  Ok-Hinna,  its  Indian  name,  which 
in  the  languages  of  the  Choctaws  and  Chickasaws  means  “the  River  of  Ruins.” 

The  connections  of  the  White,  8aint  Francis,  Washita,  and  Red  Rivers  with  the  great  River  and 
tlu‘  Gulf  all  i>rove  the  same  instructive  theory  to  be  corretd.  The  Nile  was  once  an  unbridled  and 
shifting  river,  which,  from  the  cataract  of  Syene  to  its  mouths  in  the  Mediterranean  Sea,  flowed 
through  swamps,  natural  bayous,  and  lakes,  and  overflowed  them  all,  until  Menes  and  (dlier  wise 
nionarchs  bridled  and  controlled  its  waters  with  canals,  aqiuducts,  and  leveed*  lakes,  natural  and 
artificial,  in  the  manner  described  by  Herodotus.  All  these  were  used  for  three  purjioses — the 
prevention  of  overflows,  drainage  and  irrigation,  and  navigation.  When  the  Nile  was  dangerously 
full,  and  the  land  was  threatened  by  it  with  a  flood,  after  imjiressive  ceremonies,  some  of  which  are 
yet  observed  and  conducted  by  the  modern  rulers  of  Egyj)t,  the  water-gates  at  the  head  of  each 
canal  were  opened,  and  the  fields  were  all  irrigated,  ami  the  dangerous  water  was  made  propitious 
to  the  soil,  and  then  permitted  to  flow  by  many  outlets  to  the  sea.  Lake  M(eris,  JO  miles  long 
and  0  miles  wide,  leveed  and  guarded  by  water-gates  placed  upon  all  the  iidets  and  outlets  of  the 
gj-eat  aqueducts  connecting  it  with  the  Nile  and  the  sea,  was  filled.  When  the  flood  had  si)ent  its 
force,  and  the  work  of  irrigation  was  accomplished,  the  gates  were  closed,  and  the  water  of  this 
and  all  the  other  lakes  iind  artificial  reservoirs  was  retained  and  held  at  a  level  high  above  that 'of 
the  valley  fields,  to  furnish  any  deficiency  of  water  for  irrigation  the  next  year,  if  the  annual  rise  of 
the  river  was  not  sufficient  to  sui)ply  the  wants  of  agriculture. 
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I  therefore  object  to  the  theory  of  closini^  the  bayous,  for  these  iiiiaiiswerable  n^asoiis :  First, 
they  are  nece.ssary  for  tlie  inland  (joniinerce  of  the  valley,  because  they  furnish  the  cheaper  means 
of  transportation ;  second,  they  afford  the  best  and  only  means  for  draining  and  desiccating,  and  then 
for  irrigatinj^  all  of  its  swamp  lands  remote  from  the  Mississipih ;  third  and  finally,  tliey  may  be  imule 
to  save  the  valley  from  overfiow,  as  the  opening  of  the  Bonnet  Carr6  and  other  crevasses  and  tlie 
bursting  of  the  levees  of  the  upi)er  coast  saved  New  Orleans  from  the  May  flood  of  1874.  Oiir  true 
policy  is  to  jetty  the  main  river  with  conver^^inj>‘  brush  and  crib  work  to  give  fixedness  to  its  chan 
nel  and  deepen  it  by  erosion,  and  to  oi)en  every  outlet  and  utilize  it  for  commerce*  and  agriculture*. 

Instead  of  closing  Bonnet  Carre  crevasse,  I  think  a  ship  canal  ought  to  be  made  of  it  al)out  8 
miles  long  and  2(M)  feet  wide,  with  a  depth  of  (i  feet  below  the  lowest  water-level  of  the  .Mississi])pi, 
and  it  should  be  run  upon  an  air  line  due  north  into  the  southern  margin  of  Lake  ^laurepas.  It 
should  be  properly  shielded  and  guided  with  jetties  at  its  outlet  from  the  Mississijqh  to  i)revent  it 
from  enlarging  its  channel,  and  also  at  its  entrance  into  the  lake  to  hinder  the  formation  of  a  bar. 
This  canal  can  be  used  for  navigation  and  the  drainage  and  subsetpient  irrigation  of  (>4  scpiare 
miles  of  marsh-lands  adjacent  to  it,  now  worthless  for  agriculture,  but  which  it  will  make  ecpial  in 
fertility  and  value  to  any  in  the  State.  The  large  accession  of  water  which  this  Bonnet  Carre  Canal 
and  the  leopened  Bayou  MancluKi  will  give  to  Maurepas  will  make  a  strong  current  in  this  lak(*  to 
the  east  and  through  the  Jones’s  Island  Pass  into  Lake  Ponlchartraiii,  and  through  it  into  the  Gulf. 
The  current  vvill  be  a  continuation  of  that  of  Bayou  Manchac,  which,  although  it  will  be  swift  and 
deep,  will  be  easily  (iontrolled  by  jetties  of  piles  and  fascines  of  felted  brush.  TlH‘re  will  be  but 
little  (iurrent  in  the  canal,  as  there  would  be  if  it^  course  were  south  or  exam  east,  ami  it  will  need 
no  lock. 

Many  years  ago  I  discovered,  and  ten  years  since  I  demonstrated  in  a  lecture  to  the  New 
Orleans  Academy  of  Sciences,  that  the  (;ause  of  the  velocity  of  the  current  of  the  M  ississi])pi  was  not 
its  fallj  but  its  conrHe  from  north  to  south;  or  tJw  centrifugal  force  which  it  receives  from  the  earth\ 
revolution  upon  its  axis  ;  and  which  force  propels  all  fluids  upon  its  surface  from  the  i)oles  towards 
the  ecpiator,  and  retards  their  centripetal  flow  from  the  equator  towards  the  imles.  It  is  this  force 
w’hich  makes  the  earth  an  oblate  si)heroi<l  instead  of  a  sphere.  It  causea  its  equatorial  diameter  to 
be  about  27  miles  longer  than  the  polar.  It  elevates  the  troi>ical  oceans  under  the  equator  13i 
miles  above  a  globe  level.  It  causes  the  cold  centrifugal  ocean  currents  to  flow  out  from  the  poles 
towanls  the  equator,  side  bg  side  in  the  teini>erate  zones,  but  op[)osite  to  the  Gulf  Stream,  the  Kuro 
Siwoo,  and  other  centrifugal  currents  which  rise  in  the  torrid  zone  above  them,  and  seek  their  leve’ 
by  running  to  the  imles,  where  they  are  metamorphosed  and  merged  with  them  by  the  (told  of  the 
frigid  zon(5S.  This  force,  which  retards  the  currents  of  the  La  Plata  and  the  Nih*,  whose  (‘ourse  is 
directly  opposite  to  that  of  the  Mississippi^  and  which  flow  from  the  equator  towards  the  poles^  will  act 
directtly  against  the  current  of  the  Bonnet  Carr(3  Canal,  and  give  it  a  gentle  desc(*nt  into  Lake 
Maurepas. 

The  third  improvement  I  recommend  tor  Lake  Ponfrhartraiu  is  a  jetty  of  piles  and  felted 
fascines  at  the  mouth  of  the  pass  at  the  Choctaw  Village,  This  should  be  shaj^ed  like  a  V,  with  the 
point  meeting  and  dividing  the  combined  waters  of  Lake  Maurepas,  and  directing  their  ciiiTents 
around  the  shores  of  Lake  Pontchartrain  to  its  two  passes  into  the  Gulf.  The  effect  will  be  to  form 
a  large,  beautiful,  aiid  i)erfectly  healthy  island  at  the  upper  end  of  the  lake,  upon  which  a  star-fort 
<;an  be  erected  to  guard  this  important  inlet.  Hotels,  hospiUils,  and  buildings  of  all  kinds  can  be 
built  upon  its  healthy  and  airy  site.  It  will  enlarge  its  area  slowly  and  continually,  w  hile  the  cur¬ 
rents  eddy  around  it,  and  deepen  near  the  shores.  These  currents  should  be  utilized  for  harbois  a 
half  mile  wide,  made  by  bre  ikw.iters  of  piles  and  brush  fascines  a  h  ilf  mile  from  the  lak(‘  shore  and 
parallel  with  it.-  The  materials  dredged  to  dee[)en  them  next  to  the  shore,  for  the  convenience  of 
wharves  and  the  motiinis  of  vessels  ot  all  kinds,  should  be  used  to  (mustruct  a  high  and  broad 
levee  to  [)rotect  the  city  and  [)lautatious  from  the  storms  of  the  lake.  Intervals  at  l(*ast  2(M)  fret 
wide  ought  to  be  left  in  the  construction  of  the  breakwater,  at  distances  of  two  mih\s,  for  tin*  passage 
of  vessels.  Tliis  breakw^ater,  h.iroor,  and  levee  may  be  extended  as  the  growTh  of  the  city  or  of  sev'eral 
cities  and  multiplying  villas  and  jilanbitions  .may  require,  until  the  improvements  embra(ie  and 
emdrcle  the  entire  lake  and  all  its  connections  with  other  waters.  Tliis  with  the  a(pu*ducts  and 
(;auals  will  encompass  New  Orleans  with  a  sanatory  cordon  of  pure  running  water,  which  w  ill  shield 
4  H  £ 
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it  ap^ainst  the  ingress  of  all  malaria  generated  outride  of  its  limits.  Malaria,  like  the  mythical  witch 
of  Scotland  which  chased  Tam  O’Shanter  from  Kirk  Alloway  to  the  Boon,  cannot  cross  running 
water.  Residences  upon  islands  surrounded  by  river  or  ocean  currents,  if  their  sites  are  kept  clean 
from  local  filth,  are  usually  very  healthy.  The  use  of  drainage  is  to  prevent  the  origin  of  local  or 
indigenous  malaria.  The  yellow  fever  poison  is  probably  a  tropical  plants  of  the  fungus  family^  to 
which  the  mushroom,  lichen^  alga^  and  all  the  moulds  belong.  This  exogenous  and  imported  [mison 
will  spread  wherever  there  is  heat  and  moisture  to  nourish  it,  and  it  can  only  be  excluded  by 
rigid  quarantine.  It  originates  in  tropical  filth,  but,  like  the  small  pox  or  itch,  whether  it  is  a 
minute  aterous  or  wingless  insect,  oi’  the  spore  of  a  niicrosco])ic  fungus  or  other  cryptogainous  plant, 
nourished  first  in  some  filthy  hovel  of  the  torrid  zone,  it  will  imison  the  (deanly  inhabitaiit^i  of  all 
cities  of  the  temperate  zones  at  a  less  elevation  than  1,(H)0  feet  above  the  sea. 

The  first  beautiful  effect  of  the  a]>plicatiou  of  this  plan  will  be  seen  when  the  breakwater  is 
constructed  a  half  mile  in  front  of  the  termini  of  the  Lake  end  and  Pontchartrain  Railroads.  The 
cyclones  will  dash  the  storm-waves  against  them,  and  roll  them  through  the  gateways  of  the  ships 
and  scour  out  the  passages;  but  they  will  disperse  their  force  harmlessly  in  the  wide  and  quiet 
harbor,  and  never  strike  the  shore;  while  they  will  transform  the  breakwater  into  a  long  line  of 
islands  inaile  by  the  sand  and  shells  thrown  up  by  the  tempests,  and  which  will  bury  the  piles  and 
fascines  out  of  sight.  But  the  materials  of  which  they  are  formed,  and  especially  the  willow, 
cypress,  and  other  tre^s  of  the  swamps,  will  grow  and  form  a  lovely  display  of  living  green.  In  the 
course  of  a  few  years  these  islands  will  make  smooth  and  broad  sand- beaches  towards  the  center  of 
the  lake,  and  fonn  crescents  of  semi-tropical  lauds  parallel  with  the  entire  encircling  harbor  and 
shore,  more  beautifiil  than  the  lovely  ring-shaped  atolls  of  the  Pacific  Ocean.  They  will  be  crowned 
with  bath-houses,  hotels,  and  residences  of  merchant  princes  and  i)lanter8,  displaying  all  the  varie¬ 
ties  of  convenient,  (haste,  and  gorgeous  architecture,  and  ornamented  with  ifll  the  fruits  and  flowers 
which  will  grow  in  our  almost  winterless  clime.  The  glories  of  Chaleo,  Tezcuco,  Como,  and  Mag 
giore  will  be  eclipsed  by  the  variegated  pictures  of  elysian  loveliness  and  magnificence  which  the 
future  will  display  upon  the  bosom  and  around  the  shores  of  Lake  Pontchartrain  if  this  plan  for  its 
im[)rovement  shall  be  adopted  and  faithfully  applied.  Tire  commerce  of  a  city  greater  than  ancient 
Rome  will  float  upon  its  surface,  and  the  millions  of  its  inhabitants  will  find  healthy  and  profitable 
employment,  while  they  will  be  refreshed  and  invigorated  by  its  purifying  waves  and  balmy  gales. 
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AN  EXPLANATION  OF  THE  PRINCIPLES  UPON  WHICH  THE  PLAN  FOR  THE  CONTROL 
AND  UTILIZATION  OF  WATER  CURRENTS  IS  RASED. 

AND  ITS  APPLICATION  TO 


THE  MlSSlSSirPI  RIAER, 

CONNECTKD  WITH  A 

GENERAL  l.FA'EE  SYSTENL 


A  GENERAL  PLAN  FOR  TItK  IMI’KOVKMENT  OK  ALL  IJIVKIfS  AM)  HARIiORS  MY  TIIK  I’KOPKlt 
GUIDANCE  OF  MARINE  AND  FLIJVIATIEE  CURRENTS  TO  ERODE  CHANNELS. 

TO  FORM  NEW  LAND.  AND  RREVEN  I'  INUNDATIONS. 
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Unfortunately  all  attempts  made  and  levee  systems  applied  to  control  the  Mississippi  have  been 
superficial.  They  have  no  reference  to  the  bottom  current.  If  that  is  neglected  levees  cannot  be 
protected,  and  crevasses  by  undermine  cannot  be  prevented.  The  channel  of  the  Mississippi  can 
only  be  deepened,  bars  can  only  be  removed,  levees  can  only  be  guarded,  and  overflows  can  only 
be  averted  by  controlling  and  guiding  properly  this  bottom  current ;  and  that  cannot  possibly  be 
done  by  any  other  mode  than  by  jetties  constructed  upon  the  plan  recommended  in  the  following 
essay. 

The  levee  system  properly  applied  to  the  whole  river  from  New  Orleans  to  Saint  Louis,  pro¬ 
vided  that  the  jetties  recommended  are  applied  to  the  lowest  bar  first,  and  then  successively  to 
each  of  the  others  above,  and  also  above  the  concavity  of  each  bend  of  the  river,  and  connected 
with  the  top  of  the  levee  and  the  bottom  of  the  river,  will  cost  less  than  $10,000,000.  I 
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Conirollhig  the  Mimissippi  River  so  as-,  firsts  to  f/aifie  its  current  and  protect  lerecs ;  second^  to  save  its 
hanhft  from  undermines  ;  thirds  to  moke  hotture,  or  alluvial  deposits  ichere  thep  are  needed;  fourth^ 
to  remove  iU  bars  without  dredying ;  and  fifth,  so  to  deepen  its  chaniud  hg  erosion  as  ultimately  to 
p^revent  overflows. 

The  main  objects  ot*  tlie  plan  are  to  ^ive  perinaiieiiee  to  its  banks,  and  to  prevent  the  shifting 
of  its  bed;  to  preserve  its  islands  and  its  shores  with  all  the  property  upon  them,  and  at  the  same 
time  to  make  it  navigable,  at  the  lowest  stage  of  its  water,  to  ocean  vessels  of  the  largest  size. 

This  plan  was  elaborated  m  in  v  years  since,  presented  to  the  Xe  w  Orleans  Academy  of  Sciences 
in  1866,  approved  ainl  adopted  by  it  daniiaryS,  ISHS,  and  sent  to  the  various  Academies  of  Sciences 
of  America  and  Europe  during  that  year. 

This  plan  has  been  very  generally  apj)roved,  but  the  most  useful  principles  of  hydraulic  engi¬ 
neering  embraced  in  it,  espectially  the  pro])er  angulation  of  the  Jetties  with  reference  to  the  artificial 
current-channel  intended  to  be  formed  by  their  guidance  of  the  natural  current,  has  never  so  far  been 
applied  either  in  America,  Euroi)e,  or  elsewhere. 

The  plan  is  based  on  these  two  princi[)les — 

1.  The  angle  of  refiection  of  water  in  motion  is  eqa.i!  to  the  angle  of  incidence  minus  the  resist¬ 
ance.  (See  Plate  I,  Diagram  1.) 

2.  The  walls  of  all  jetties  for  controlling  water,  where  their  foundations  are  mud,  sand,  and 
otlier  friable  materials,  or  where  they  do  not  rest  ui)on  rock,  or  undisintegrable  materials,  must  be  made 
of  brushy  latticed-diagonal  ized  crib  work.,  or  otlnu*  non-retlecting  substances;  or  so  fiu*ed  with  such 
roateiials  as  to  break  and  dissipate  the  force  of  the  currents  they  are  intended  to  <*ontrol  by  hurling 
the  particles  of  water  which  compose  them  against  (‘ach  otlu‘r,  and  i)reventing  their  downward 
reflection,  and  conse^pient  undermining  action.  None  of  the  surfaces  of  the  materials  should  be 
smooth,  but  crossed,  or  corrugate<l.  A  simpler  and  more  comprehensive  descrii)tion  of  these  con¬ 
trolling  or  guiding  jetties  may  be  given  as  follows:  They  are  properly  angulated  refieeting  walls  faced 
with  non-reflecting  materials.  Wherever  it  is  a])]>lied  it  should  control  the  bottom  currents. 

I. — THK  MATERIALS  FOR  TTIEIR  CONSTRUCTION,  AND  THEIR  FORMS. 

(StM*  IMatr  III,  Diaj^min  1.) 

These  may  be  varied  to  suit  the  localities  intended  to  be  improved  and  the  de])th  of  the  water 
in  which  they  are  to  be  used  ;  but  none  should  present  plain  surfaces. 

1.  To  control  currcmts  too  deep  for  their  beds  to  be  reached  by  ])iles,  and  wliere  it  is  desirable 
to  guide  the  bottom  currents,  especially  those  of  the  Mississippi,  at  depths  of  from  40  to  ISO  feet, 
or  at  a  greater  distance  below  the  sui  face,  they  should  be  made  of  strong  cubical-foi  iued  diagon¬ 
ally-latticed  caissons  filled  with  loose  stones,  of  convenient  size  for  handling,  and  for  being  anchored, 
and  linked  together  in  a  row  or  in  rows  iiimn  the  beds  of  the  <leep  bottom  currents;  or  they  should 
be  made  of  felted  /a^<c/ae.s‘  strongly  bound  and  heavily  ballasted  to  resist  the  first  shock  of  water¬ 
logged  stumps,  trees,  and  bowlders  of  clay,  or  other  heavy  substanc(*s  hurled  against  them  by  the 
bottom  current,  and  which  may  remove  them  from  tln*ir  alignment  and  connection  with  the  imrtions 
of  the  jetties  in  the  shallow  water,  constructed  of  i)iles  and  fascines,  and  of  which  these  heavy 
cribbed  caissons  are  intended  to  be  the  termini  in  deep  water.  (8ee  Plate  III,  Diagrams  If),  11, 
and  12.)  The  diving  bell  should  be  used,  to  see  that  they  are  compactly  adjusted  on  the  dee]i 
bottom  to  form  an  obstruction  to  catch  ainl  com]>act  the  silt  and  deflect  the  current. 


32 


CONTRIBUTIONS  TO  THE 


2.  For  all  shallow  water  in  our  soft-bottomed  rivers,  and  the  mud  and  sand  l>edde<l  lake«, 
bays,  and  estuaries,  the  jetties  oii^ht  to  be  made  of  jules  and  bnish  fascines — materials  which  g^Dw 
in  every  swamp  and  bottom-land  forest.  The  cypress,  tiipelo  gum,  swamp  ash,  and  other  watery 
growths,  and  the  tall  young  willow  and  cottonwood  saplings,  which  form  the  winter  “  towheads” 
of  the  recently-formed  areas  of  battiire,  and  line  the  margins  of  all  the  bayou  and  river  banks,  invite 
their  use.  No  rock  is  needed  for  the  construction  of  these  shallow-wafer  jetties.  They  should  be 
made  as  follows : 

Two  rows  of  piles  12  feet  apart,  the  piles  in  each  row  8  feet  distant  from  each  other.  Each  pile 
to  be  made  of  a  stout  tree  with  the  harh  to  he  left  upon  it,  and  the  rougher  and  more  corrugated  the 
better  it  will  answer  the  ])urp{)se  as  a  non-reflector  in  resisting  the  iinderaiiiiing  aetion  of  water. 
The  pile  should  be  pro])erly  notched  at  the  lap  or  upper  end  to  nM'eive  the  attachment  of  one  or  two 
girders  or  connecting  poles,  and  sharpened  at  the  butt  or  root  enil  into  a  triangular  or  quad  rang  tilar 
point  to  be  driven  easily  and  to  a  snfticient  depth  with  the  butt  downward  (see  Plate  III,  Diagrams 
from  1  to  7),  in  order  that  it  may  staml  firmly  when  the  currents  make  de]>osirs  around  its  b;ise. 
It  will  then  be  placed  on  the  princi])le  of  the  obelisk  ami  in  the  natural  position  of  the  tree.  The 
fascines  should  be  made  of  bushes  as  straight  as  [lossible,  15  feet  long,  and  each  one  should  be 
fastened  with  two  wraps  around  four  stout  sticks  radiated  atnght  angles  to  the  saplings  or  switches 
of  the  fascine  of  which  these  two  circles  of  radiated  sticks  form  the  frame.  Each  stick  should'  be 
barbed  at  one  end  and  sharpened  at  both  ends.  It  should  be  cut  below  a  stout  limb  at  least  an 
inch  thick,  and  this  limb  should  he  shaped  by  the  hatchet  into  a  barb.  The  points  of  these  sticks 
should  ])rqject  at  least  a  foot  beyond  the  sides  of  the  fascine.  The  wraps  should  be  far  enough 
apart  to  prevent  any  hindrance  to  convenient  carriage  u])on  the  shoulder,  and  their  dimensions 
should  not  be  too  great  for  the  strength  of  an  ordinary  man  to  handle  them.  •  They  must  be  15  feet 
long  in  order  to  project  at  least  18  inches  beyond  the  lateral  lines  of  the  rows  of  piles,  between 
which  they  should  be  [)iu*.ked  in  alternate  floors  or  layers  at  right  angles  to  ea^fli  other,  and  then 
rammed  and  felted  together  with  a  heavy  and  i>ropeiiy  constructed  brujth-paeler,  ^See  Plate  IV, 
Diagrams  from  7  to  11.)  The  object  of  the  barbed  wraps  is  to  make  them  hold  to  the  bottom  when 
driven  down  upon  it,  and  to  fasten  like  felt  to  each  other  when  packed  together,  and  to  obviate  the 
use  of  stone  to  weight  them  down. 

After  the  space  between  the  piles  is  thoroughly  filled,  the  whole  work  should  be  girde<i  together 
by  15  and  24  feet  willow  poles  si)iked  into  the  notches  mortised  near  the  top  of  the  piles;  the  15- 
foot  poles  crossing  the  line  of  the  breakwater  or  jetty  at  right  angles,  and  the  poles  24  feet  long 
crossing  these  15-foot  poles  and  each  other  diagonally  on  the  (central  line  of  the  top. 

These  breakwaters  will  resist  the  storms  of  the  Gulf,  and  form  the  nuclei  of  islands  and  sand- 
spits.  They  are  buried  in  mud  ami  sand,  and  will  grow  where  they  are  planted  and  display  li\ing 
lines  of  willows  and  cyi)ress,  and  the  usual  growth  of  our  marsh  lands.  1  recommend  these  struc¬ 
tures  as  the  strongest,  eheajiest,  and  most  permanent  breakwaters  and  jetties  for  all  our  southern 
sea  and  river  hydraulic  defences.  Nothing  will  be  found  superior  to  them  for  stopping  crevasses. 
I  suppose  that  the  work  will  be  faithfully  executed,  and  its  character  may  be  greatly  varied.  I 
only  recommend  it  for  water  less  than  40  feet  deep.  They  are  not  only  cheaper  than  iron,  but 
more  durable. 


II.— THK  LOCATION  AND  PROPER  ANOCLATION  OF  JETTIES. 

I.  No  jetties  intended  to  control  water-currents,  to  deepen,  and  at  the  same  time  to  make  per¬ 
manent  channels,  of  regular  forms,  and  without  the  aid  of  dredging,  ought  ever  to  be  made  par¬ 
allel^  for  these  reasons  (see  Plate  I,  Diagram  5) : 

1.  Although  i)arallel  jetties  may  be  made  to  guide  and  to  confine  a  current,  they  will  not 
accumulate  or  double  its  erosive  force  by  reflc^ction  from  each  wall,  or  from  both  jetties  upon  a  given 
line,  so  as  to  form  a  channel  of  a  regular  and  uniform  shape  and  dei)th.  The  globular  t»artieles  of 
water  between  iiarallels  move  along  parallel  lines  until  they  strike  some  obstruction  to  their  motion 
which  will  deflect  them  ui)ward,  dowinvanl,  or  laterally  at  angles  given  by  its  shape.  A  sunken 
ship  in  the  channel  or  a  rounded  stone  or  mud-lump  will  i)art  the  curi-ent  and  hurl  it  with  dangerous 
undermining  force  against  both  jetties.  At  the  mouths  of  rivers,  and  es]»ecially  at  the  piusvses  of  the 
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Mississippi,  into  which  vessels  entering  meet  those  whieli  are  (le])artiMg,  they  often  collide  and  sink. 
The  prow  of  the  sunken  vessel  i)oints  iq)  stream  while  the  stern  is  turned  seaward  by  the  current* 
The  currents  parted  by  its  prow  are  detlected  with  erosive  force  against  the  jetties  and  cut  deep 
troughs.  The  eddies  whirl  behind  tlie  stern  and  meet  and  mingle,  forming  obstructing  lumps,  bars, 
or  islands.  Clustersof  trees  tied  together  w  ith  vines,  drifting  seaward,  and  anchored  by  their  limbs  or 
roots,  or  huge  bubbles  of  clay  lifted  by  vast  volumes  of  gas  generated  by  hammocks  of  logs,  bruvsh, 
leaves,  and  other  vegetable  matter  buried  deeply  in  the  strata  of  the  ancient  Delta,  i)roduce  similar 
effects.  A  large  water-logged  tree-trunk  three  or  four  feet  in  (liaineter,  or  a  ship  sunk  near  one 
jetty  and  lodged  angularly  to  the  current,  will  deliect  its  whole  force  against  the  other,  which  in 
turn  will  be  reflected  diagonally  in  a  contrary  direction,  and  give  it  a  zigzag  course  from  icall  to  wall 
for  a  distance  of  many  hundred  yards,  or  miles,  ]>roportione<l  to  its  velocity  and  the  angle  of  the 
deflecting  obstruction.  Then  the  obstruction  can  only  be  removed  by  blasting  dre<lging,  or  other 
mechanical  force;  and  the  channel  can  only  be  straight(‘ncd  and  deepened  by  the  scraping  or 
spading  of  the  pump,  dredge,  or  other  expensive  artiticial  contrivance.  The  cross-sections  of  sound¬ 
ings  below  such  obstructions  across  the  ijarallel-jettied  channel  exhibit  irregular  curves  of  various 
kinds,  and  reveal  a  trough,  shaped  very  awkwardly,  dittieult  and  dangerous  for  navigation.  These 
facts  are  so  obvious  as  to  make  iinnec^essary  even  these  sim])le  diagrams  for  their  illustration. 
(Plate  I,  Diagram  5.) 

Properly  converged  jetties  reflect  the  water  at  angles  corr(ss[)onding  with  their  angulation. 
They  converge  the  water  and  accumulate  it  into  an  erosive  current  continually  acting  with  a  cork¬ 
screw,  drilling,  and  boring  motion,  cutting,  with  the  combined  imwer  of  the  auger  and  sand-blast, 
upon  a  fixed  line  as  permanent  as  their  [)()sition.  This  current,  always  moving  upon  a  friable  bot¬ 
tom  of  mud,  sand,  tenacious  clay,  or  even  disintegrable  chalk  or  sandstone,  will  bury  in  it  or  remove 
from  it  any  object  whatever.  It  will  cut  a  way  mud  -lumi)s  and  islands,  float  ofi*  any  wooden  or  other 
buoyant  obstacle,  and  by  excavating  the  fragile  bottom,  guided  downward  by  the  leflecting  sides 
of  an  iron  ship  or  block  of  stone,  it  will  bury  the  solid  and  heavy  obstruction  and  sha[)e  the  bottom 
of  the  channel  in  a  form  cornvsjmnding  with  every  other  i)art  of  the  trough  excavated  by  the  guid¬ 
ance  of  the  angulate<l  and  converged  jetties.  (8ee  Plate  I,  Diagram  4.) 

2.  Parallel  jetties  cast  no  accumulated  erosive  current  beyond  their  points.  The  water  which 
runs  through  them  is  immediately  diffused  and  spreads  out  in  all  directions.  They  are  as  unscien¬ 
tific  as  cylindrical  tubes  attached  to  the  ends  of  the  hose  of  lire  engines  for  throwing  water.  They 
scatter  well^  but  will  not  squirt  far.  Pipes  like  inverted  concs^  sections  of  which  are  the  lines  of  con¬ 
verging  jetties.  propel  the  water  much  farther  with  concentrated  erosive  force,  and  will  form  an 
eroding  current  which  will  remove  obstacles  far  distant  beyond  their  extreme  points.  (See  Plate  V, 
Fig.  1.)  Within  the  banks  of  rivers  batture  will  always  form  between  their  imints  and  the  banks, 
and  against  the  banks  along  their  curving  bends  at  distances  below  their  i)oints  proportioned  to 
their  angulation  and  the  velocity  of  the  current.  At  sea,  u])on  shallows  where  it  is  necessary  to 
connect  their  angles  throughout  their  extension  to  guard  them  against  the  ordinary  currents  and 
the  more  violent  action  of  those  lu’oduced  by  storm- winds,  which  would  break  through  them  if  they 
were  disconnected,  cut  trenches  across  the  artilicial  channel,  and  fill  it  with  sand  on  either  side  of 
the  gai)s;  if  they  are  pro[)erly  constructed  the  batture  will  All  up  only  the  angles  and  leave  a  trough 
open  with  its  sides  parallel  ainl  aligned  with  their  ]>oints,  while  vast  areas  of  land  will  be  formed 
on  each  side  of  them  from  their  points  to  the  mainland. 

II.  Jetties  should  never  he  located  at  right  angles  to  the  currentj  or  to  the  line  of  the  banh  of  the  river 
they  are  intended  to  protect for  these  reasons : 

1.  Although  such  jetties  confine  a  river  or  sea  current  and  give  it  a  greater  dei)th,  they  do 
not  guide  it  either  above  or  below  their  points.  The  central  current  flows  directly  on  at  right  angles 
to  their  lines.  The  left  and  right  flanks  of  it  strike  the  jetties  i)erj)endicularly.  Their  under  cur¬ 
rents  checked  are  thrown  u])  and  down,  and  excavate  their  foundations  if  they  are  smooth;  or  if 
they  are  latticed,  corrugated,  or  made  by  other  means  non-reflecting,  they  accumulate  deposits 
against  them,  and  spread  out  laterally.  One  i)ortion  acts  directly  against  the  whole  volume  of  the 
central  cuiTent  which  whirls  it  against  the  bank  below  the  jetty  and  excavates  at  the  same  time 
the  bottom  below  the  foundation  of  the  jetty-point,  and  the  other  portion  above  is  thrown  directly 
against  the  bank  and  undermines  it,  and  destroys  the  connection  of  the  jetty  with  it.  Uidess  addi- 
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tional  works  are  constructed  giving  the  fastening  of  the  rectangular  jetty  to  the  bank  the  form  of 
the  letter  T?  a  portion  of  tlie  river  will  cut  off  its  connection  with  the  bank,  pass  through  the  gap, 
and  form  an  island  of  which  the  jetty  will  be  the  nucleus  or  frame  work,  and  one  of  its  diameters. 
This  reveals  two  other  objections  to  this  angulation  of  jetties  already  stated. 

2.  The  re(;tangular  jetty,  requiring  one  or  more  extensions  L  or  T  at  its  base  or  connection  with 
the  shore  is  too  expensive;  and  if  these  additional  works  are  not  constructed  to  secure  the  land 
from  undermine  and  submergence  it  will  make  crevasses  and  swamps ;  and  it  is, 

3.  Dangerous  ns  well  as  icorthless. 

I  have  heard  these  arguments  urged  in  favor  of  this  plan  of  rectangular  jetties : 

1.  The  rectangular  jetty  is  less  expensive  than  the  diagonal,  or  the  deflector,  or  converger, 
which  are  difterent  names  for  the  same  thing,  because  it  is  one  of  the  short  lines  of  a  right-angle 
triangle,  while  the  diagonal  is  its  longest  line,  or  the  hypothenuse. 

To  this  I  answer  that  the  entire  hypothe^iuse  of  the  rectangular  triangle  need  never  be  used  on 
the  Mississippi  River  or  elsewhere  to  protect  the  banks,  to  make  batture,  to  remove  bars,  or  to 
deepen  channels  by  removing  other  obstructions.  Only  a  part  of  this  line  properly  angulated  is 
necessary  for  the  construction  of  the  jetty.  Its  length  will  be  proportioned  to  the  width  of  the 
river  and  the  depth  of  the  water,  and  the  distance  of  the  bottom  current  from  the  bank.  Where 
the  river  is  the  widest  the  jetties  should  be  the  longest;  but  in  such  places  the  current  is  the 
weakest  and  the  water  the  shallowest,  and  consequently  the  jetties  may  be  made  in  the  least 
expeiisive  manner,  and  they  will  cost  less  than  short  jetties  in  deep  water  flowing  with  swift  and 
strong  currents,  and  which  will  require  heavy  and  expensive  mattresses  or  caissons  for  their  con¬ 
struction,  while  these  long  jetties,  to  confln^  and  guide  the  water  to  make  it  erode  deep  channels 
across  bars  and  shoals,  can  be  built  of  cheap  piles  and  felted  fascines  without  the  additional 
expense  of  stone  or  iron,  so  as  to  be  as  strong  and  durable  as  the  most  permanent  works  of  man. 
(See  Plate  IV,  Diagram  3.) 

2.  It  has  been  said  in  favor  of  rectangular  and  parallel  jetties  that  Sir  Charles  Hartley 
removed  with  them  the  bar  at  the  mouth  of  the  Danube.  This  is  a  mistake,  as  will  appear  from 
the  following  diagram  of  his  work.  After  a  survey  of  the  Danubian  mouths  in  1829  various  efforts 
were  made  for  deepening  the  bar  of  the  Sulina  mouth,  which  was  deemed  the  most  practicable,  and 
which  had  a  natural  depth  of  10  feet.  The  useful  idea  occurred  to  the  engineers  as  early  as  1857, 
that  if  the  water  could  be  confined  to  the  ordinary  width  of  the  river  above  its  delta,  its  current 
would  erode  a  channel  across  the  bar  at  least  equal  in  depth  to  that  which  it  maintains  between  its 
natural  banks  for  a  great  distance  above  its  outlets  into  the  Black  Sea.  It  was  also  correctly 
inferred  that  there  would  be  no  extension  of  the  bar  beyond  the  jetties,  because  a  sea  current  from 
the  north  passes  from  the  east  by  the  Crimean  coast  against  the  western  shore,  touching  the  mouths 
of  the  Danube,  and  flowing  into  the  Mediterranean  through  the  Bosi>horu8,  the  Sea  of  Marmora, 
and  the  Hellespont.  In  1861,  after  numerous  efforts  ha<i  been  made  to  effect  this  confinement  of 
the  water  by  rectangular  jetties,  it  was  determined  to  connect  the  works  and  to  run  two  parallel 
piers  nearly  600  feet  apart  entirely  across  the  bar,  and  to  force  the  whole  volume  of  water  of  the 
Sulina  pass  to  flow  into  the  sea-curi’ent  between  them.  The  jetty- work  with  its  extension  was  com¬ 
pleted  in  1871,  and  a  depth  of  20  feet  was  secured.  But  an  examination  of  the  operations  which 
were  at  last  successful  will  prove  that  the  engineers  did  not  understand  the  principle  of  converg¬ 
ing  jetties  and  their  proper  angulation.  Their  object  was  simply  to  confine  the  water  between  par¬ 
allel  walls,  supposing  that  flowing  through  such  contrivances  it  would  dredge  a  regular  channel  of 
the  lequired  depth.  The  idea  of  a  current  deflected  from  a  jetty  converged  fi'om  each  side  at  a 
proper  angle  to  the  line  of  erosioil,  so  as  to  accumulate  Jin  eroding  current  uj)on  it,  which,  by  its 
onward  gyratory  or  auger-like  motion,  would  cut  out  a  deep  mid-bank  channel  equidistant  from  the 
guiding  jetties,  seems  not  to  have  occurred  to  their  minds;  and  many  engineers  of  considerable 
reputation  suppose  that  the  removal  of  the  bar  was  effected  by  the  instrumentality  of  the  parallel 
piers. 

A  simple  inspection  of  the  work  demonstrates  that  the  erosion  was  effected  by  a  part  only  of 
the  plan,  where  the  principle  of  convergence  was  brought  into  action.  (See  Plate  II.)  The  bar 
was  removed  by  an  accumulated  converged  current,  produced  by  a  small  portion  of  each  jetty 
where  both  were  directed  angularly  or  diagonally  upon  a  part  of  the  line  of  erosion.  Fortunately 
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in  connecting  the  upper  ends  of  the  jetties  at  X  and  W  with  the  beginning  of  the  parallels  at  Y 
and  Z,  their  lines  were  converged,  and  although  they  were  improperly  curved  and  uneiiually  angu- 
lated,  instead  of  having  been  run  straight  and  at  equal  angles  upon  the  central  channel  line  cc,  yet 
they  converged  and  doubled  the  force  of  the  lateral  currents  on  the  line  of  the  present  navigable 
channel,  which  they  formed  exclusively^  to  the  deep  water  of  the  sea.  The  only  aid  given  them  by 
the  parallels  was  the  protection  they  afforded  as  breakwaters  against  the  storms  and  currents  of 
the  Black  Sea. 

The  w  ork  of  dredging  or  scouring  out  the  channel  was  the  exclusive  work  of  the  portions  of 
the  south  jetty  from  a  to  and  of  the  north  jetty  from  c  to  d,  which  accumulated  a  gyratory  erod¬ 
ing  current  all  along  the  bottom  of  the  present  channel  A  A,  which  deviates  widely  from  the  line 
cc,  intended  for  its  bed. 

I  dislike  to  say  that  this  happy  effect  was  the  result  of  the  accidentally  converged  connection  of 
the  rectangular  and  parallel  jetties.  They  certainly  intended  to  connect  them  in  order  to  confine 
the  water  and  make  it  flow  between  the  parallels  planned  to  remove  the  bar,  but  I  think  the  accu¬ 
mulated  current  which  the  convergence  of  the  jetties  produced,  and  which  did  the  principal  part^ 
if  not  the  whole  of  the  work  of  erosion^  was  unintentional  on  the  part  of  the  engineers.  I  do  not 
think  they  intended  the  convergence  to  produce  erosion,  because  I  have  heard  that  they  still 
recommend  parallels  for  the  purpose.  The  irregular  winding  channel  A  A  w'hich  they  made  proves 
their  ignorance  of  the  whole  theory  of  the  i)roper  angulation  of  jetties,  and  at  the  same  time  it 
demonstrates  conclusively  its  correctness.  If  you  will  examine  closely  the  diagram  you  will  see 
that  the  navigable  channel  AA  deviates  from  its  proper  midway  course  at  H,  and  runs  diagonally  ( 

across  it  to  the  north  parallel  at  I,  which  there  deflects  it  eastwardly  to  J.  The  divergence  given 
to  the  channel  from  its  midway  course  at  H,  and  its  dangerous  direction  to  I,  is  evidently  caused 
by  the  erroneous  angulation  of  the  jetties  X  d  and  W  b.  The  jetty  W  b  converges  towards  the 
central  channel  line  C  0  at  a  greater  angle  than  that  made  by  the  opposite  north  jetty  X  d; 
and,  consequently,  the  line  of  erosion,  or  the  channel  cut  by  the  accumulated  currents  they  pro¬ 
duced,  is  deflected  from  H  to  I  nearest  to  the  jetty  converged  with  the  least  angle  toward  the 
central  line  C  C.  This  will  be  found  by  experience  to  be  a  rule  without  exception:  Jetties  con-  R 

verged  at  equal  angles  upon  a  central  line  will  cause  the  water  current  which  they  guide  to  erode  a  channel, 
the  deepest  part  of  which  channel  will  be  upon  that  central  line  equidistant  from  both  jetties.  If  one  jetty 
is  run  towards  it  at  a  less  angle  than  the.  other,  the  channel  will  be  cut  nearest  to  the  jetty  tcith  the  least 
angle.  (See  Plate  I,  Diagram  2.)  Consequently,  a  better  plan  for  the  construction  of  the  Danubiaii  j 

jetties  would  have  been  to  have  constructed  two  straight  jetties,  in  1829,  from  the  extreme  northern 
and  southern  points  of  laud  at  that  time  at  e  e,  and  to  the  points  ff  on  the  outer  crest  of  the  bar, 
and  converged  at  equal  angles  upon  the  central  line  P  P.  Batture  from  the  river  floods  would  have 
filled  all  the  spaces  between  the  points  of  the  jetties  and  their  upper  connections  with  the  shores,  ■ 

and  the  lines,  600  feet  apart,  parallel  with  the  central  line  of  the  channel  P  P ;  and  the  sands  of  ‘Hhe 
stormy  Euxine^  would  have  extended  its  shores  to  the  ends  of  the  jetties  and  against  their  exterior 
sides. 

It  is  best  to  diverge  two  sea-walls  at  angles  equal  to  the  angulation  of  the  jetties  from  their  extreme 
points.  Nature,  by  its  hydraulic  system  for  removing  bars  and  opening  harbors  at  the  mouths  of 
great  navigable  rivers,  indicates  this  plan  as  the  best,  and  even  gives  us  plainly  the  proper  angu¬ 
lation  for  jetties,  if  we  choose  to  imitate  or  assist  her  operations.  I  have  heard  it  said  that  nature 
works  with  parallel  banks  to  deepen  the  channels  of  water-currents.  This  is  inferred  from  the  fact 
that  the  banks  of  rivers,  whether  straight  or  curved,  are  usually  parallel;  hence  the  conclusion  is 
deduced  that  in  our  efforts  to  remove  bars  and  to  deepen  channels  our  guiding  jetties  or  artificial 
banks  ought  to  be  made  parallel.  This  would  be  true  if  the  premise  was  correct ;  for  a  natural  law 
is  always  our  safest  guide  when  we  wish  to  effect  by  art  what  nature  performs  in  obedience  to  the 
direction  of  the  Great  Creator  by  the  physical  forces  He  has  given  to  her. 

But  the  premise  is  false;  for  nature  does  not  guide  or  deepen  the  currents  of  either  rivers  or  seas 
with  parallel  banks.  On  the  contrary,  I  safely  and  positively  assert  that  nature  rvorks  with  diagonal 
jetties  exclusively  to  deepen  all  channels,  and  makes  their  banks  or  lateral  margins  parallel  by  diagonals  I 

converged  to  the  lines  of  the  direction  of  the  currents,  whether  they  are  fresh  water  or  salt,  flu-  I 

viatile  or  marine.  These  natural  jetties  are  formed  of  a  variety  of  materials,  rock,  clay,  wood,  or  * 
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compounded  detritus  of  various  kinds,  either  undisintegrable  by  water  or  less  friable  and  more 
tenacious  and  firmly  fixed  than  the  banks  and  bottom  bars  which  oppose  the  currents  which  they 
direct  against  them.  In  rivers  a  diagonally-projecting  rock  is  a  natural  jetty  which  will  hurl  the 
current  against  the  opposite  bank.  If  the  bank  which  receives  the  erosive  force  is  composed  of 
strata  of  soft  stone  or  of  earth  it  will  undermine  it  and  wash  it  away.  The  Mississippi  River,  after 
it  receives  the  Ohio,  and  leaves  its  cliflts  of  rock  and  enters  its  vast  alluvial  area  which  has  all  been 
stratified  and  rearranged  in  layers  of  sand,  clay,  or  mixtures  of  both,  by  the  floods,  and  the  sleepless 
and  tireless  action  of  its  “perpetual  motion’’  for  ages,  is  performing  this  operation  before  our  eyes 
to-day  of  first  destroying  and  then  paralleling  its  banks  by  diagonal  jetties. 

Let  us  examine  a  single  point  on  the  right  bank,  from  which  descends  a  titanic  current  which 
strikes  a  curve  in  the  left  bank  a  mile  below  and  undermines  it  and  swallows  it  up  with  everything 
which  grows  or  which  is  built  upon  it.  Let  us  take  this  destructive,  deflective,  projecting  point, 
and  dissect,  anatomize,  and  make  a  geological  section  of  it.  Its  flat  top  is  crowned  with  a  forest  of 
ancient  trees  and  a  jungle  of  cane  and  bushes,  and  a  variety  of  vines  tying  and  tangling  all  its  vege¬ 
table  growth  together.  Its  slope  to  the  water’s  edge  is  terraced  usually  with  from  three  to  five  steps 
made  by  the  annual  inundations  of  as  many  years,  marked  by  successive  yearly  deposits,  the  oldest 
covered  with  full-grown  cottonwood  and  willow  trees,  and  the  newest  with  saplings  and  switches 
of  the  same  growth ;  and  upon  the  sand  strown  by  the  last  rise  and  left  bare  by  the  receding  flood, 
we  find  the  downy  seeds  of*  these  trees  clinging  to  the  newly-formed  hatture  and  springing  into  life. 
In  time  for  the  next  vernal  rise  of  the  river  they  will  have  grown  several  feet  in  height,  and  covered 
the  sand-bar  as  thickly  as  grass  in  the  meadow  or  wheat  in  the  field,  ready  to  strain  the  mud  from 
the  water  of  the  flood,  and  to  elevate  the  terrace  on  which  it  grows  to  the  height  of  the  one  above 
it.  Beneath  the  water-level  we  find  the  sloping  bottom  of  the  point  projecting  diagonally,  and  all 
covered  with  pure  sand  down  to  the  deepest  depression  of  the  river-bed. 

Now  let  us  cut  through  this  angulated,  guiding,  and  destructive  jetty,  and  ascertain  what  is  its 
core,  nucleus,  or  foundation.  We  will  find  it  at  a  depth  of  from  80  to  150  feet  resting  upon  clay. 
It  may  be  tlie  wreck  of  a  coal-boat,  or  some  other  vessel.  Usually  it  will  be  a  cluster  of  trees  and 
bushes  tied  together  with  grapevines,  bamboos,  or  creepers.  The  river  undermines  a  portion  of 
the  primeval  forest,  and  whole  clusters  of  them  bound  together  by  vines  fall  into  the  water,  and  by 
the  heavy  masses  of  clay  grasped  by  their  roots  they  are  sunk  to  the  bottom  where  they  are  occa¬ 
sionally  securely  fastened,  and  by  cjitching  the  water-logged  brush,  bowlders  of  rolling  clay,  and 
detritus  of  all  kinds  lodged  against  them  and  compacted  into  them  by  the  bottom  current^  they 
form  the  foundation  of  a  deflecting  jetty  which  can  never  be  moved.  Even  if  the  river  cuts  its 
way  around  one  of  these  sunken  tree-nifts,  it  usually  leaves  the  mass  as  the  supporting  foundation 
of  an  island.  Most  of  the  islands  of  the  Mississippi  have  been  formed  by  these  clusters  of  trees. 
Occasionally  they  float  for  a  while  after  falling  into  the  strong,  deep  current  which  erodes  the  bank ; 
but  where  the  river  widens  and  shallows  its  volume  over  the  areas  of  tenacious  clay  they  “ground” 
and  adhere  to  the  bottom  and  form  the  titwlei  of  islands,  which  act  the  part  of  V-shaped  jetties  with 
their  points  up  stream^  which  part  and  defle(;t  the  current  and  cave  in  and  curve  the  opposite  shores. 
Unless  jetties  are  situated  in  such  a  position  as  to  prevent  the  undermining  action  of  these  deflected 
currents,  the  islands  will  grow  continually  at  the  expense  of  the  banks  on  either  side. 

These  illustrations  will  be  sufticient  to  show  that  the  riverairrents  perform  their  work  with 
diagonal  and  not  with  parallel  jetties.  The  parallel  shores  are  formed  by  the  eddies  which  whirl  on 
either  side  of  the  eroded  trough  made  by  the  converged  and  accumulated  currents^  and  which  deposit  its 
excavated  materials  in  lines  parallel  icith  iU  course.  Sea  currents  also  are  operated  by  diagonals  and 
not  by  parallels,  Nature  tcorhe  with  converged  diagonal  jetties  in  removing  bars  at  the  mouths  of  riverSj 
and  also  those  between  islands^  or  between  islands  and  the  mainland.  Ever  since  the  Noachian  deluge^  or 
what  geologists  term  the  Olacial  epochs  Nature  has  been  striving  to  mingle  the  deep  channels  of  the 
great  rivers  with  'the  deep  currents  of  the  seas.  This  alma  mater  is  not  pressed  for  time  in  per¬ 
forming  the  work  which  God  lias  given  her  to  do.  For  nearly  four  thousand  years  she  has  con¬ 
tinued  this  work  with  unerring  wisdom  and  omnipotent  power,  and  she  has  taught  us  how  to  aid 
or  imitate  her  mode  of  removing  bars  by  showing  us  that  all  these  rivers  enter  the  sea  with  trumpet¬ 
shaped  mouths.  The  diagrams  of  the  Saint  Lawrence  and  each  mouth  of  the  Mississippi,  and  all 
other  great  rivers,  prove  this.  They  pour  their  waters  into  the  great  deep  through  divergent 
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shores,  or  banks  which  are  natural*  jetties  diverged  seaward^  and  converged  tipward  towards  the 
inner  crest  of  tlie  bars. 

I  call  the  attention  of  geologists  and  physical  geographers  to  this  important  fact,  wliieli  also 
deserves  the  careful  consideration  of  all  hydraulic  engineers  entrusted  with  the  task  of  nanox  ing 
bars  at  the  mouths  of  rivers.  They  not  only  enter  the  sea  trumpet-mouthed^  or  witli  dix  ergcait 
banks,  but  the  central  line  of  their  currents  between  the  extreme  points  of  land  xvhieli  Ic  i  ininatc* 
them  is  directed  at  right  angles  to  the  sea  currents  which  they  enter.  Thus  tlu*  inontlis  ol‘  the 
Danube  open  at  right  angles  to  the  Black-Sea  cuiTent,  which  flows  from  Odessa  south  across  the 
Solina  mouth  to  the  Bosphorus.  The  Saint  Laxvrence  opens  its  vast  jaws  and  discharge's  its  Imgc 
volume  at  right  angles  into  the  great  Arctic  current  which  descends  across  it,  and  also  across  all 
the  bays  and  rixw-mouths  from  Davis’s  Straits  to  Florida.  The  mighty  Amazon,  Ix'txvt't'n  diver 
gent  banks  whose  extreme  sea-capes  are  180  miles  apart,  pours  its  mammoth  tide  into  tlu'  Atlantic, 
current  which  flows  from  Cape  Saint  Roque  at  right  angles  to  this  giant  river-month,  and  at  the 
same  angulation  crosses  the  mouths  of  all  the  rivers  on  the  coasts  of  the  Caribla'an  Sea  and  Gulf 
of  Mexico,  as  it  flows  on  northwardly  along  the  eastern  shores  of  South,  Central,  and  North 
America,  between  Cape  Saint  Roque  in  Brazil  and  Cape  Sable  in  Florida,  where  it  forms  the  Giilt 
Stream. 

All  the  river-mouths  of  the  whole  earth  demonstrate  the  same  fact.  I  will  noxv  shoxv  the  reason 
for  this  wise  providential  arrangement  of  these  river-mouths  and  the  sea-currents  xvith  xxiiich  they 
mingle,  and  the  operation  of  this  wonderful  hydraulic  plan  of  nature  to  secure  the  l)encli(‘cnt  ohjt  ct 
of  removing  the  obstructions  to  the  international  commerce  of  the  world.  The  propi*r  study  of  it 
will  convince  any  enlightened  engineer  that  any  obstruction  at  the  entrances  of  hays  and  tin* 
mouths  of  rivers,  made  by  shoals  and  bars,  may  be  removed  by  assisting  nature  in  the  us(‘  of  these 
marine  and  fluviatile  currents,  by  the  proper  application  of  the  hydraulic  principles  xx  hich  she  use's 
in  connecting  the  deep  channels  of  the  rivers  with  the  navigable  currents  of  the  oei  ans  and  seas. 
For  the  removal  of  all  obstructions  in  bays  like  the  Delaware,  Chesapeake,  Mobile,  and  others,  tin* 
jetties  ought  to  be  angulated  so  as  to  utilize  the  scouring  action  of  both  the  fo)c  and  chb  of  the 
tides,  and  the  influx  and  outflow  of  the  storm-waters.  This  can  be  easily  effected  by  eonstrueting 
them  upon  the  plan  of  the  diagram  for  making  a  ship-channel  between  Heron  Island  and  the  main, 
land  on  the  west  of  Mobile  Bay.  It  resembles  the  worms  of  Virginia  fences  making  a  lane,  xvith 
the  angles  of  their  panels  opposite  and  equal.  (See  Plate  III,  Diagram  9.) 

Another  reason  why  nature  has  usually  made  the  mouths  of  the  great  rivers  and  many  bays 
open  trumpet-mouthed,  and  at  right  angles  to  the  deep-sea  currents,  is  that  their  curre  nts  may  be 
so  checked  that  they  may  form  safe  harbors  or  easy  entrances  to  vessels.  If  tin'  current  of  any 
great  river,  like  the  Amazon  or  Mississippi,  instead  of  entering  one  of  these  ocean  streams  at  right 
angles,  were  mingled  with  it  at  an  angle  of  from  lljo  to  45°,  the  ekmuzes^is^  or  the  suction  of  the 
ocean  current  applied  to  that  of  the  river,  would  produce  consequences  some  of  xx  hich  xvould  l>e 
disastrous  beyond  our  conception.  Eroding  velocity  and  contraction  of  its  channel  xvould  certainly 
ensue,  and  there  could  be  no  safe  and  easy  navigable  enti*ance  formed,  such  as  noxv  exists,  for  tin' 
admission  of  vessels.  (See  Plate  V,  Fig.  3.) 

In  order  to  show  that  nature  uses  this  trumpet-mouthed  form  opened  at  right  angles  to  these' 
ocean  currents  to  remove  the  bars  of  rivers  I  will  take  only  one  example  to  illustrate'  this  fact.  The* 
Southwest  Pass  of  the  Mississippi  will  be  sufficient  for  our  purpose ;  and  I  select  it  in  pre'fere'in  e  te) 
the  mouths  of  the  Saint  Lawrence  and  Amazon,  because  the  bars  once  obstructing  the  ir  e)utlets 
have  long  since  been  removed  by  their  converging  jetties,  while  the  process  of  the  remox  al  e)f  that 
of  the  Southwest  Pass  by  the  same  instrumentality  is  yet  in  operation.  (See  Plate  1,  Diagrams  3 
and  6.) 

The  mouth  of  this  pass  opens  directly  to  the  soiithw^est  and  receives  within  its  dix  ergi'iit  jaxvs 
or  natural  banks  the  full  force  of  the  southwestern  gales  and  thunder-gusts,  and  the  great  cycloiu's 
whose  centers  move  to  the  northeast.  The  tides  which  enter  it,  and  the  currents  xvhich  arc'  driven 
furiously  into  it  by  the  tempests,  strike  its  banks  which  are  converged  upon  the  central  line  of  the 
inner  crest  of  the  bar.  Deflected  upon  it  as  they  nish  in  from  both  divergent  banks,  tlu\v  arc'  con¬ 
verged  and  accumulated  upon  it,  and  loosen  all  its  friable  structure,  which  is  can  ic'd  out  by  the 
ebbing  tides  and  the  out-rush  of  the  swollen  waters  heaped  upon  the  inner  crest  by  the  storms ;  and 
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while  a  portion  is  borne  into  the  ocean  current  and  transported  far  away,  the  rest  of  the  wreck  of  the 
bar  is  stranded  on  eitlier  side  of  the  trumpet-shaped  outlet,  to  extend  the  extreme  points  of  land. 

Above  the  bar  the  current  of  the  pass  pours  into  the  deep  trough  cut  by  the  concentrated 
influx  of  storm-water,  and  by  its  lateral  eddies  parallels  the  banks  up  to  the  new  inner  crest  of  the 
bar,  which  is  advanced  continually  by  the  successive  tempests  and  tides  towards  the  deep  tropical 
current  of  the  Gulf  which  comes  from  the  coast  of  Texas  and  Southern  Louisiana  after  curving 
around  Northern  Brazil,  Guiana,  Venezuela,  Central  America,  and  Mexico,  but  whose  eddies  at  the 
mouths  of  the  passes  whirl  westwardly  opposite  to  its  eastward  course.  All  currents,  whether  of 
rivers  or  oceans,  make  eddies  along  the  hanks  and  shores  which  they  erode,  and  which  ichirl  as  counter- 
currents  opposite  to  the  direction  of  rivers,  and  of  the  great  equatorial  and  polar  ocean  streams. 

Ignorant  of  this  law  of  all  currents,  whether  of  rivers  eroding  their  banks  or  of  oceans  wearing 
away  their  shores,  some  of  our  hydrographic  engineers  have  made  it  appear  that  the  great  tropical 
current  at  the  mouth  of  the  Mississippi  flows  westwardly  towards  Texas.  They  mistake  the  surface 
currents  caused  by  easterly  winds,  and  the  eddying  counter  current  hurled  upward  by  the  warm 
Gulf  Stream,  which  at  a  depth  of  several  thousand  feet  is  eroding  the  ancient  rocks  of  the  foundations 
of  the  continent  as  it  flows  on  towards  the  coasts  of  Alabama  and  Florida.  Vessels  and  boats 
ascending  the  Mississippi  run  next  to  the  curving  and  caving  bends  of  the  river,  because  there  they 
find  couuter-cun*ents  which  bear  them  up  stream ;  but  they  know  that  the  river  does  not  flow  north 
but  to  the  south  in  spite  of  these  eddies. 

To  enable  the  Mississippi  Eiver  and  the  tropical  currents  to  finish  in  a  year  the  work  of  remov¬ 
ing  the  barriers  between  them,  and  which  Nature  unaided  will  effect  slowly  but  surely  in  a  few 
centuries,  let  us  assist  her  a  little,  guided  by  the  diagram  with  which  she  has  illustrated  her  own 
hydraulic  law,  or  rule  of  action. 

Let  us  take  the  diagonal  lines  of  the  section  of  a  trumpet,  or  truncated  cone,  which  designate 
the  natural  banks  or  jetties  of  the  Southwest  Pass  converged  to  remove  the  inner  cre^t  of  the  bar, 
and  reverse  their  angulation  and  point  them  to  the  outer  crest  of  it,  and  construct  upon  them  our 
artificial  jetties.  Let  them  be  made  of  piles  and  fascines  as  recommended  in  this  essay.  The  water 
is  all  shallow  from  the  extreme  points  of  land  to  the  outer  crest  of  the  bar.  No  stone  wUl  be  neces¬ 
sary  to  weigh  them  down.  The  wood  which  forms  their  frame-work  will  outlast  iron  under  water 
either  salt  or  fresh.  The  Teredo  navalis  and  other  wood-eaters  cannot  reach  them ;  for  a  single 
annual  inundation,  a  cyclone,  or  the  ordinary  gales  from  the  north  and  southeast,  in  a  year  after  their 
completion,  will  bury  them  with  batture  from  the  river  and  sand  fr'om  the  Gulf.  Two  ribs  of  land 
12  feet  high  above  the  level  of  the  sea,  densely  covered  with  two  lines  of  thrifty  and  beautiful  trees 
and  shrubs,  will  mark  their  graves,  which  will  outlast  the  monuments  of  Egypt,  and  remain 
unmoved  until  ‘‘the  trump  of  Doom’’  shall  rend  all  tombs.  The  seaward  points  of  the  jetties  may 
be  advantageously  diverged  at  the  same  angle  with  their  convergence  for  a  variety  of  useful  purposes. 
They  will  in  some  instances  gather  the  force  of  currents  from  the  sea  during  storms,  and  aid  by 
their  influx  and  outflow  the  erosion  of  the  bar,  and  the  formation  of  land  in  the  inner  angles  of  the 
jetties  on  either  side  of  the  navigable  channel,  and  strengthen  the  whole  work ;  and  their  divergent 
sea-points  may  be  suitably  formed  into  light  houses,  signal-stations,  and  forts  to  guard  the  pass. 
It  would  consume  too  much  time  to  demonstrate  the  important  fact,  which  I  will  simply  state,  that 
hy  jetties  thus  angulated  it  costs  no  more  to  obtain  a  depth  of  60  feet  across  the  bar  of  the  Southwest 
Pass,  or  any  other  over  which  the  same  quantity  of  water  flows,  than  it  does  to  secure  a  channel  30 
feet  deep.  If  by  the  convergence  of  the  jetty -points  on  the  outer  crest  of  the  bar  to  a  distance  of 
gSO  yards  of  each  other  the  channel  is  scoured  30  feet  deep,  jetties  of  precisely  the  same  dimensions 
and  cost  brought  to  half  the  distance,  or  440  yards  apart,  will  inevitably  dredge  one  twice  the  depth,  or  60 
feet.  They  will  force  the  current  to  do  this  without  the  aid  of  a  dredge-boat ;  and  they  will  main¬ 
tain  that  depth  of  water  without  any  assistance  forever  as  long  as  it  flows  between  them. 

Converged  jetties  act  as  a  co7itinual  guard  to  the  channel.  They  deepen  the  trough  and  parallel 
the  sides  with  its  excavated  materials.  They  are  buried  out  of  sight  in  the  silt,  and  they  remain 
concealed  as  long  as  the  current  flows  in  the  trough  which  they  have  made.  But  if  a  sunken  wreck 
or  any  obstacle  in  the  channel  shifts  it  to  either  side,  the  diagonals  are  uncovered  by  its  erosion,  and 
they  act  upon  the  current  as  they  did  at  first,  and  again  deflect  it  to  its  proper  course. 

I  have  not  the  space  to  show  how  the  bars  of  the  Amazon,  Orinoco,  and  many  other  great  rivers 
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have  been  removed  and  their  deltas  swei)t  away  by  the  conduned  aetioii  of  the  duv  iatile  and  marine 
currents  guided  by  natural  diagonal  Jetties.  The  dei)osits  of  some  of  them,  like  tliose  embraced 
between  the  great  divergent  Jaws  of  the  month  of  the  Saint  Jjawrence  oi)ene<l  widely  to  receive  and 
accumulate  the  high  tides  of  the  Arctic  current  flowing  along  the  eastern  shore  of  Ib’itish  America, 
have  all  been  scoured  out  to  a  bottom  of  solid  rock,  walled  with  the  same  material,  swept  bare  of 
all  earthy  and  soluble  matters.  Dee])  channels  or  straits,  between  (‘oiitinents  and  islands,  are  kept 
open  by  the  deflecttnl  currents  guided  by  their  angulated  shores.  (See  IMate  III,  Diagram  9.) 

From  all  tliesi*  facts  the  following  conclusions  are  deduced,  which  I  will  only  have  time  and 
space  to  give  in  th(‘  form  of  brief  ])ractical  directions  for  the  guidance  of  engineers.  The  same  rules, 
varied  by  the  genius  and  common  sense  of  those  who  have  to  execute  the  work  of  controlling  and 
utilizing  water-currents,  may  be  ai)plied  to  any  river,  and  especially  to  those  parts  of  them  which 
are  unobstructed  by  rocky  ledges,  and  whose  beds  are  composed  of  sand,  clay,  and  minutely-dis¬ 
integrated  matter,  like  the  Mississii)i)i  from  Cairo  to  the  Gulf.  They  may  also  be  a])i>lied  to  those 
which  are  obstructed  by  falls,  and  flow  over  beds  of  stone  and  between  clifl's  of  rock ;  but  in  such 
cases  the  erosion  caused  by  the  properly-angulated  Jetties  must  be  aided  by  blasting  and  cribwork 
of  wood  and  stone.  I  will  direct  your  attention  exclusively  to  the  ]\lississi])])i  lliver  from  the  mouth 
of  the  Ohio  to  the  passes,  and  give  these  directions  to  accomjdish  the  following  important  objects: 

1.  To  open  a  navigable  channel  which  at  the  lowest  stage  of  water  will  have  a  depth  of  ,‘10 
feet,  and  which  may  be  extended  uj)  the  main  tributaries  to  the  Ai)palachian  Chain  and  the  Rocky 
Mountains. 

2.  To  give  permanence^  to  the  ])resent  banks  of  the  river,  and  also  to  preserve  those  of  its 
islands;  or,  in  other  words,  to  secure  the  boundary  lines  of  the  lands  on  its  banks  and  islands  from 
being  cut  and  destroyed  by  the  shifting  of  the  curn*nt,  and  to  coniine  the  current  to  an  unchanging 
bed,  which  will  be  only  altered  by  being  dee|)ened.  It  will  not  be  i)ermitted  to  shift  laterally,  and 
it  will  be  formed  between  the  present  banks,  including  those  of  the  islands,  so  that  no  man’s  land 
will  be  lessened  or  injured  by  it.  On  the  contrary,  by  contracting  the  width  of  the  river  the  areas 
of  the  land  fronting  upon  it  in  many  insbinces  will  be  greatly  enlarged. 

3.  To  utilize  a  general  levee  sy  stem  which  will  be  permanent,  and  which  will  make  inundations 
by  overflows,  or  crevasses  by  undermines  impossible. 

Direction  1. 

Construct  levees  of  earthwork  on  the  most  suitable  ground  for  the  juirpose  and  the  Jetties  to 
protect  them  simultaneously.  The  levees  should  be  elevated  above  the  high-water  marks  of  the 
portions  of  the  river  to  which  they  are  api)lied,  and  jetties  at  the  same  time  should  he  built  above  every 
caving  hend^  and  not  in  it^  extending  from  the  top  of  the  levee  to  th(‘  bottom  current  of  the  river. 
Rows  of  piles  12  feet  apart  and  standing  8  feet  apart  in  each  row,  with  spike-wrapped  fascines  felted 
between,  the  piles  placed  and  the  brush  i)acked,  and  the  whole  work  girdled  as  1  have  already 
described,  should  be  used  where  the  depth  of  water  does  not  exceed  40  feet.  Their  extension  to  a 
greater  deiith  will  have  to  be  made  with  mattr(‘sses  or  caissons  weighted  with  stone.  The  angu¬ 
lation  of  the  jetties  must  be  given  to  suit  circumstances,  and  especially  to  direct  the  current  to  the 
points  intended,  and  their  eftecl  will  depeml  ui)on  the  skill  of  the  engineer.  If  they  are  once  built 
on  this  plan  they  will  last  through  all  future  time. 

Direction  2. 

The  river  must  be  contined  to  a  width  of  half  a  mile.  The  confinement  by  the  jedties  and  the 
distances  between  their  })oints  must  be  i)roportioned  to  the  size  of  each  river.  The  ^Missouri  for  a  dis- 
tanceof  a  thousand  miles  above  its  mouth  must  be  conlined  to  about  a  ciuarter  of  a  milein  width.  The 
Ohio,  Arkansas,  Tennessee,  Red,  Kansas,  (himberland,  Washita,  and  Yazoo,  and  such  rivers  as  the  Rio 
Grande,  Alabama,  Hrazos,  and  others,  must  be  contracted  to  widths  of  from  100  to  250  yards,  or  to 
widths  proportion(‘d  to  the  volumes  of  their  waters.  Channels  should  be  blasted  through  the  ledges 
of  rock  forming  their  falls  and  shoals,  and  dams  of  cribwork  of  wood  and  loose  stones  converged 
upon  the  channels  to  ])roi)er  distances  and  at  suitable  angles.  Crilibed-stone  jetties  must  be  applied 
where  piles  cannot  be  driven. 
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To  effect  this  confinement  of  the  Mississippi  from  Cairo  or  Saint  Louis  to  the  passes,  it  will 
not  be  necessary  always  to  run  the  jetty  imints  within  a  quarter  of  a  mile  of  the  central  line  of  the 
channel  they  are  intended  to  erode,  but  they  should  never  approach  each  other  nearer  than  a  half 
mile.  Where  the  river  is  very  wide,  shallow,  and  straight,  it  will  sometimes  be  necessaiy  to  place 
them  opposite  to  each  other,  and  to  converge  their  lines  to  a  distance  of  half  a  mile  between  their 
points.  But  often  short  jetties,  properly  angulated,  will  greatly  reduce  the  width  of  the  river  below 
them.  In  every  instance  where  a  properly-constructed  jetty  is  run  into  the  bottom  current  at  an 
angle  of  45o,  it  will  deflect  the  current  entirely  across  the  bed  against  the  opposite  shore,  unless 
the  current  deflected  from  another  jetty  extended  from  that  shore  strikes  it  diagonally  before  it 
reaches  it.  This  is  an  important  fact  which  should  never  be  forgotten  by  hydraulic  engineers,  who 
must  be  required  to  mingle  the  currents  to  prevent  either  of  the  hco  from  reaching  the  shore  opposite  to  its 
location.  The  main  object  is  to  form  them  into  an  accumulated  eroding  current  to  deei>en  the  bed, 
and  to  make  batture  against  the  banks.  A  properly-constructed  jetty  on  one  bank  will  certainly 
destroy  the  bank  on  the  opposite  side  against  w’hich  it  points  the  current,  unless  another  is  suit¬ 
ably  placed  for  its  protection. 

Direction  3. 

Where  it  is  necessary  to  scour  a  deep  channel  nearer  one  shore  than  the  other,  as  in  the  case 
of  a  city  front  with  its  wharves,  the  jetties  above  the  wharves  must  be  deflected  from  the  bank  at 
very  small  angles,  while  those  which  guide  the  water  from  the  opposite  bank  must  have  angles  more 
obtuse,  and  in  some  instances  they  must  have  the  maximum  angulation  of  45^.  It  must  be  remem¬ 
bered  that  the  minimum  angulation  in  all  cases  is  11^^,  and  the  maximum  45^,  which  is  easily  dem¬ 
onstrated  by  experiment.  The  angles  of  jetties  to  turn  cut-offs  like  that  at  Vicksburg,  and  to  close 
them,  or  to  stop  crevasses,  must  always  be  angulated  from  22^°  to  45^.  (See  Plate  IV,  Diagrams 
1  and  2. 

Direction  4. 

To  protect  islands^  construct  at  the  upper  end  of  each  a  V-shaped  jetty  with  its  point  up  stream, 
which  will  part  the  river  current  and  deflect  an  eroding  current  toward  each  of  the  opposite  banks. 
The  eddies  around  the  wings  of  the  jetty  will  enlarge  the  island  continually,  while  the  cuiTents 
which  these  wings  deflect  will  undermine  and  destroy  the  banks  unless  jetties  are  placed  upon 
them  to  catch  the  deflection  and  reflect  it  to  a  safe  distance.  If  it  is  desirable  to  enlarge  the  island, 
the  jetties  on  the  opposite  banks  should  be  so  angulated  as  to  mingle  the  currents  below  it.  It 
will  extend  until  it  reaches  the  point  where  the  converged  waters  meet.  If  it  is  necessary  to 
destroy'  the  island,  construct  jetties  on  both  banks  above  and  opposite  to  it,  to  guide  the  currents 
against  its  sides  from  the  upper  to  the  lower  end. 

Direction  5. 

To  close  a  cut  off,  bayou,  or  crevasse,  first  construct  a  jetty  above  it  to  deflect  the  current  from 
its  outlet  from  the  river  and  form  an  eddy  in  it,  and,  if  it  is  necessary,  which  will  seldom  be  the 
case,  assist  the  operation  by  a  row  of  piles  and  fascines  if  it  is  shallow,  or  by  sinking  into  it  a  con¬ 
nected  raft  of  large  trees  with  all  their  branches  ui)on  them  down  to  the  bottom  if  it  is  deep.  I  am 
not  prepared  to  say  precisely  where  such  a  work  should  be  constructed  to  restore  the  river  to  its 
former  channel  in  front  of  Vicksburg,  as  I  have  not  examined  the  locality  since  the  river  has  cut  its 
w^ay  through  the  neck  of  the  peninsula  and  left  the  city  on  the  eastern  curve  of  a  crescent  lake,  and 
I  have  seen  no  chart  of  it  since  the  destructiv  e  change  occurred ;  but  I  am  very  confident  that  one 
or  more  jetties,  constriKJted  as  all  jetties  should  be,  at  loic  water^  and  at  a  suitable  point  on  the  right 
bank  above  the  gap  made  by  the  new  channel,  would  turn  the  whole  river  permanently  against  the 
rocks  of  the  left  bank  and  into  its  former  bed.  I  cannot  give  an  estimate  of  what  it  would  cost 
the  United  States  Govwnment  to  make  this  improvement  for  this  important  harbor,  as  I  have  seen 
no  topographical  survey  of  it  since  the  disaster  happened,  but  I  do  not  think  that  it  would  be 
much. 

With  this  general  outline  of  the  titanic  plan  for  chaining  the  mammoth  river  and  utilizing  its 
mighty  current,  I  will  close  this  essay,  which  I  fear  has  been  tedious,  notwithstanding  the  omission 
of  all  specific  details  not  necessary  for  its  explanation. 
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To  lower  the  whole  bed  of  the  Mississippi  effectually,  the  lowest  bar  should  he  removed  firsts  and 
then  those  above  should  he  destroyed  successively  or  simultaneously  as  high  up  as  it  is  proposed  to  make 
it  navigable,  and  to  prevent  its  inundations.  The  river  current,  compelled  to  act  permanently  in  a 
fixed  channel,  will  deepen  continually  from  age  to  age  until  its  bed  is  conformed  to  the  general 
slope  of  the  continent  from  its  highest  navigable  tributaries  to  its  mouth  in  the  Gulf.  The  inclina¬ 
tion  or  dip  of  the  strata  of  its  bed-rock  from  the  mountain  crest  to  the  deepest  depressions  of  the 
Gulf  determines  the  angulation  of  this  slope.  Ft  would  be  madness  to  straighten  its  curves.  Its 
velocity,  caused  by  the  earth’s  revolution  on  its  axis,  with  its  centrifugal  force  acting  directly  upon 
its  vast  volume,  hurling  it  directly  from  the  direction  of  the  North  Pole  towards  the  Equator,  would 
render  it  unnavigable  and  uncontrollable.  Bends,  changing  this  direct  or  rectilinear  action^  check 
its  force.  Our  object  should  be  to  give  fixedness  to  property  on  its  banks,  and  to  increase  the  area 
of  its  arable  alluvial  soil  while  we  prevent  its  overflows,  and  at  the  same  time  make  it  safely  and 
pennanently  navigable. 

The  excellence  of  this  plan  for  controlling  water-currents  directed  to  cut  channels  of  geometrical 
8haj[>es  by  properly  angulated  jetties  is  made  apparent  by  experiment.  No  dredging  is  necessary 
where  the  materials  of  the  lx»ttom  are  not  more  solid  than  the  alluvium  of  the  rivers  and  the  sands 
and  clays  of  our  southern  shores.  In  all  places  where  these  jetties  are  properly  applied  to  make 
either  river  or  seti  currents  deepen  channels  through  such  materials,  in  almost  every  conceivable 
instance  of  their  application,  they  will  form  arevis  of  hatture,  or  new  land,  which  will  be  worth  much 
more  than  the  entire  cost  of  their  construction.  In  order  that  these  principles  may  be  better 
understood  and  applied,  I  have  directed  the  attention  of  engineers  to  the  Mississippi,  Lake  Pont- 
chartrain,  and  a  few  other  points  for  the  purpose  of  illustration.  But  if  they  possess  ordinary 
genius,  with  even  but  little  invention,  they  can  easily  vary  and  apply  the  same  principles  of  angula¬ 
tion  and  ehniuzesis  to  any  river,  harbor,  or  marsh  where  there  is  water  to  employ  and  control.  They 
who  still  cherish  the  absurdity  taught  me  in  my  boyhood,  tiiat  water,  unlike  other  fluids  composed 
of  globules  of  atoms,  cannot  he  reflected^  of  course  cannot  understand  them,  and  will  not  attempt 
to  utilize  them. 

CONCLUSION. 

If  the  fluits  which  I  have  presented,  with  the  theories  based  upon  them,  in  this  essay,  have 
given  it  the  appearance  to  some  minds  of  a  harsh  criticism  upon  the  plans  of  hydraulic  engineering 
applied  by  Sir  Charles  Hartley  and  other  eminent  engineers  to  the  ri\  ers  and  harbors  of  Europe 
and  America,  I  say  in  all  sincerity  that  I  have  not  intended  to  detract  any  ray  from  their  deserved 
renown,  or  to  diminish  the  debt  of  gratitude  due  to  them  by  mankind  for  their  useful  services.  My 
object  has  been  to  give  the  improvements  to  all  plans  for  coutrolliiig  and  utilizing  the  currents  of 
rivers  and  seas  which  newly-discovered  facts  and  useful  inventions  have  suggested.  I  honestly 
desire  to  facilitate  the  tasks  of  these  meritorious  laborers  for  the  welfare  of  the  world,  and  to  save 
them  and  those  who  will  succeed  them  from  much  unnecessary  toil  and  expense  in  their  operations 
by  presenting  them  with  improvements  which  will  make  similar  works,  and  others  on  a  grander 
scale,  cheaper,  easier,  and  better.  The  latest  discoveries  made  in  the  science  of  zoology,  and  in 
the  art«  of  photography,  telegraphy,  and  steam  navigation  only  enhanco  the  fame  of  Cuvier, 
Daguerre,  Morse,  and  Fulton,  and  render  their  memories  more  dear  to  all  nations  a«  benefactors  ot 
the  human  race.  I  will  only  add  that  I  tested  all  these  inventions  for  controlling  and  utilizing 
water-currents,  and  which  were  made  in  order  to  cheapen  the  vast  and  permanent  works  for  which 
they  are  designed,  by  the  most  careful  and  satisfactory  cxi)eriments  before  I  ventured  to  publish 
them  in  these  lectures  for  the  welfare  of  mankind. 

May  the  God  of  all  wisdom  and  power  give  them  grace  to  use  them  wisely  and  successfully. 

6  H  E 
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